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condenser was developed and is now used for 50, 60, 500, 1,000 and 3,000 Hz. The loss
on the induction elément shows a decréase by approx. one digil.‘ For instance, the
ail-film condenser for 1,000 Wz indicates thc value “tan ' = 0.025 at40°C", while the
conventional mineral oil- lmptcgndted paper condenser shows tan § = 0.26. The
capacity of the condenser for high frequency furnaces (600 kW—1 ton-1 000 Hz) is.
approx. 7.000 kVA. However, if the paper condenser is replaced by the all-film type,
the loss would be reduced by approx. 16.4 kW oran energy saving of approx. 2.74 %
against power input. ' | . '

(2)  Frequency converter

In the frequency converterfor high frequency funnat,es, lhc motor-generator type
was used extensively. However the thyl ister-type hngh frequency invester is now
available at reasonable prices. The conversion cfficieﬁcy of the motor-generator type
is approx 85% at 1,000 Hz and 600 KW. On the other hand, the said efficiency of the
thyrister-type inverter is app:ox 95% ora difference of approx. 10% under similar
specifications. '

In éddi{ion, the thyrister-type inverter performs the matching of load impédancc
by changing the 'frequ;ancy ailto'maticakly. For this reason, this type shows a higher
load factor than the motor gencrator type, and also'cuts down the melling time. '

If the motor generator-type inverter is replaced by the thyrister-type inverter,
energy can be saved approx. 15%.

{3) Water-cooled cable and bus bar _

Since the electric power circuit is a low-voltage high amperage circuit, the bus bar
and the Water;cooicd cable have an electric Current.density of 10 to 15 A/mm?, the
wiring loss is h‘eavy. -

For example, the current for the crucib'l.e—ty'pe' low-frequency furnace (1,200
KW--5 11,200 V) is approx. 5,000A. In this furnace; two pieces of water-cooled

' cable ‘(400.mm2 — & m), both ways, arc used. If this number is doubled, an encrgy
conservation of approx. 19 will be achieved. : '

(4 L.oad factor _ :

A) For furnace voltage, it is suggested that the max. tap be used to make the max.
electr;c power, as far as circumstances allow. But this should be carried out,

: cons:dermg the effect on refractories.

_-B) " In thé case of the crucible- -type low-frequency furnace if molten metal in the
furnace is equwalcnt to more than 60% of the rated quantlty, it is possible to apply a
rated electric power. It is recommended that at least more than 50% of the molten
metal be left in the furnace and a make—up chargc be made. This cycle should be
repeated to dlschage molten mctal ' ' R '

) Raw matendis should be largc enough insize w1th|n thc llmlt to bc easily charged

~into the furnace - '

- D) - When" usmg a startmg block the heaght of the block shouId be almost the same as

that of the coil. ' ' :
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(5) : : ‘Temperature control

A)}.  The temperature for dtechargmg molten metal should not be raised hcyond a

' reasonable level. Generally, the said temperature tends to be set htgher than it should
reasonably be, cons:dcrmg the smooth discharge. For instance, when melting cast
_1r0n it is possible to ICdllCC the unit electric power consumptton rate by 15 to 20
kWh/t if ‘the temperature is lowered by 50°C‘ Arrangements should be made

' sattsfactonly for opelatlon up to the dlscharge so that an operaiional temperature
drop may be ptevented and the dtschalge temperature may be at a low level. In

“addition, if the . measmement of temperature were de}ayed during. the ascent of
.tempt:iature molten metal would be over- -heated by 20 to 30°C for the crucible type
low-frequency furnace and 60 to 90° C for the high-freq ucney ftlrnace. Thus, alosson

- the unit ;:.Iec_trié power consumption t'ate.would'- be 10 to 40 kWh/ t'on. _

B) . The thermometer 'shotltd be maintained in order and"calibrated periodicaily
Thelc is oftcn such an occasion thal ther mometer reddmgs at the high temperature
(l .600° C) show an error of 20 to 30°C. In order to prevent any unneccssaty'
over heating, make sure that the ther mometer is cahbrated carefully. '

()] Prevention of coolmg of fur nace _ _

A) The frequency of operating the furnace ltd should be mmtmtzed The heat
radiation 1oss of the furnace is proporuonai to the exposingarea and is propmtlonal to

~ a value ol_)tamed by raising the absolute temperature of moltcn metal fourth power.
The'r(':ft)r'c' mak.e sure that the furnace is covered with a lid as far as circumstances

.aiiow during me[tmg For- instance, ‘when cast iron is being molten in the 8-ton
crucible- -type low-frequcncy furnace, a loss of radiant heat from molten metal at

_ 15002 Camounts to approx. 150 kW. So if the furnace lid is left open for 10 minutes

. for discharging slag ot‘adjusting.components; the loss will be approx. 10 kWh/t in

terms of the electric power consumption rate. .

An cxample of the effect of the furnace lid on elcctric'powe_r for retaining heat is

shown in Fig. 11-4-72,
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By  Ifthe supply &mpcrahﬁc of cooﬁng water is low, it cools the furnace wall, thus,
'increasihg the loss of heat trans"fc_'i'. On the other hand, thanks to the reduction of
poiwer loss at the coil copper-tube and watcr-cooled cable by lowering temperature.

This tei)déncy tends to be co:;épic’umis on furnaces with high power,snp:ply,
Therefore, it-1s better to dccréasc_the'ténmcratu‘re of the coil- or water-cooled cable
with a great amount of cooling water, unless there is any impediment due to dewing.

Fbr instance. the 2-ton acidic rc’ﬁ"'tctory'furnacc ata cdphc’:ily of 1, 200 kW and -
500 Hz, \&ould show an increase in tffluency of ctppzox 0.8 to 0.9 at 10°C. In
addition, thc lower the cooling water outlet tempc:atme bccomcs the less chance for

- fur formation. ' '
(7} Execution of continuous operation’ _

W is desirable to operate the furnace continuously, The furnace uses a large
quantity of refractories, so the regenerated heat capacity of refractories is high when
the furnace beginé to be opera'ted at room temperatures, asin the batch operation. For

‘instance, in order to reach 1,500°C of furnace wall terperature, an clectric power of
approx. 650 kWh s required for the 8-ton cr_hcibl'e—typ_e low-frequency furnace using
approx. 2.7 tons of silica refractorics, and'approx. 170 kWh for the 2-ton’ high-
frequency. furniace using approx. 0.7 tons of silica refractories.

(8) Removal of impﬂrit_ies contained in chérged raw materials -

Raw _materialé for melting often c.c_mtain impurities such as casting sand and
oxides. Especially if the return scrap with fused casting sand is charged. in the furnace,
casting sand and oxides are _'mc:lted..causing the electric power consitmption 1o
increase. In addition, i'n_"e heat loss due to stag removing will increase and the life of
refractories will shorten. Also, slagsticking to the furnace wall will reduce the applied
electric power, thus whitilin_g down ther'pi'oduction capacity. For instance, if 19 of
sand and oxidés is mixed in with the raw materials for melting into cast iron, the unit
elecmc power consumption vate wsll increase by app;ox 10 kWht.

9 Castmg process
- _The molten metdi pouring quantity and the melting quantity will be red uced if the
mold with less fin is used Further, fuel will be saved by a curing method using a

non-thermal hardemng orgatic chcmlcai when making a mold.
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I, Character of Guide Line
~ This Guide¢ Line is a s‘un‘nnéry of technical matters considered important for the
pron:l'o'lion of energy saving at the factories of the chemical and platic industries. The Guide
Line is to be used for the following purposes. _
) (1) 'As technical reference for factory’s engineers when they plan to rationalize
use of ehérgy in the lactory. |
(2) Asa diagn.os'tic guidancé manual.
(3)- As referential data for determining the progress of rationalization.
{4 Asatext for seminars,

.2) ~ Descriptive level which should be understandable by engineers having only4to S
years” experienée of actual service alter collége graduation, but notactually working in
1}ic subject industries. _

- 3) Inconsideration of the preserit industrial status of the Kiligdom of Thatland, the
descriptive coverage is limited to the process-related matters of the factories which we
diagnosed. Also, the basicitems and numerical values regarding this process —cnergy-
saving techniques and referential instances or actual records — are described.

Itis hoped that the Guide Line prepared here will be further supplemented and
substantiated by the addition of information obtained in future through NEA’s own
factory diagnosis and other means.

For information, the Guide Line contains standard valucs published by the
Japanese Government (-Minis.try of International Trade and Industry) as a basis for
judgement in promoting cnergy saving for factory fna’nagers throug.h' its notification.

(1) . The standard values are the most frequent values (refer to Fig. 11-5-1} of
statistical distributions of numerous examples. As such they i_;epresent a realistic level
fi:_ur factory managers to attain without difficulty from the technical and economic

points of view.

Most frequent value = standard value

Frequency

Level

Fig. 1H--5-1
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(2) The standard values do not’ necessarily- represent the values which l‘zicmry
managers should be satisfied with after reaching them and also the minimum values
which it must reach by all mea ns. These values are ra ther tlmse'designed to improve
the inferior value toward an average lcv.e'l,' thus shifting the wholc distribution of
values into a better divection. Therefore., the maost frequent value will be resoughtand a
new standard value established after the clapse of a certain pcridd.

The standard value e;;tab!islhm'em plan describcd in the report was preparcd
based on these standard valucs considering the prescnf i_ndﬁsirial status of the
Kingdom of Thailand. .

These standard values will be a starting point for the cstablishment of standard -
values for the rationalization of encrgy usc in induétry of the Kingdom of Thailand. Ht
is recommended that the Kingdom of Thailand i’tselfagcum_u'latcs data duri ng factory
diagnosis to be put into practice, and evaluates it pertodically and revises or newly

establishes standard values.
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2. Characteristics of Energy Consumption

O Chemical-in'duslry utilizes a change in guality, namely, chemical rcactioh_ in
processing raw materials in major prodli(:lion processes. Morcover, physical and
chemical treatment pn"o'cesscs aim at_pretreatment of raw miaterials, scparation of
products, refinery, éte. are added to complete one production train, which is czilled
“Process industry“'. Sihqc few oiaefatidns of each equipment in a chemical plant are
generally performed ‘a-i almost .étmosplléa‘ic tcmpétalures, there are very many
processes. involving heati_ng and cooling of raw ma't(j:rial and intermediate products,
efc., rc'_su!_ting in much energy consumption, It leads to rationalization in the use of
cnergy to select the optimum temperature, pressure and concentration, etc. to ensure
the hig.hest efficiency in each ol)ci'ation, and to recover as much sensible, latent, and
waste heat as possible during heating and cooling for effective utilization. Taking the
case of anethylene plant, araw mate'riél, naphtha is cracked at a temperature of 800 to
850° C to manufacturc ethylene and as much thermal energy as 6.5 x 10® kcal per ton of
cthylene is required, _

Taking the case of th_é e_tliylene plant which is striving for energy conservation,
cracked gas and cracked fuel oil which are produced in this plant are used as fuel for
the cracker and'high f_empefatu_re gas from the cracker provides waste heat boilers with
heat in the qu¢néi1111g_ process to recover steam with miscellaneous temperature and
pressure. . This 'r_ecoyered steam is utilized separately for power, for reaction, and for
heating according to the respective temperature and pressurc. As a result, 17% of the
hee_ifinput tothe cracker is used for cracking reaction and after that, 68% is recovered:
cooling los_s.and exhaust loss from the stack are only 15%.

(2) 1t is difficult to discuss encrgy conservation in chemical industries uniformly,
because production processcs and use of cnergy are respectively peculiar Lo the
product and raw ‘material used. _

However, a similar process is, in most éases, used in spite of different processes
with an unit equipment in which so-called unit operation is performed among
processes and there are many points in common also in the use of energy. Hence, this
standard proposal will select and _discuss several typical unit equipments in use for
chemical industries. For reference, one example of process flow of a chemical

equipment is shown in Fig. 11I-5-2.
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3 How to Manage Ehergy

In ordcr_ to improve the effliciency of energy consumption, productivity and product
qilélity as well as raise their overall level, it is essential first te use facilities well adjusted and
maintained to the purpose and to operate them covrectly, Tt is most effective for ericrgy
conservation to reduce the incidence of equipment failure and increase product yickd.
Scc_ond[y, it is required that those éngégcd in-energy managemént study the possibilities of
Hurther imprdving-_thc_ existing facilities ‘and operating method and pursue beller means
through repeated siu'veys and factory éxperiﬁmnts. '

Accm'dihgty it is not exaggerating to mention that the conisciousness and willingness
of the total f'lcto:yempluyees would inflignce the actual performance of the factory. And it is
important to raise the level of {actory mana;:emcm which encounges. the employees to have
such consciousness and willingness. It is defined that energy management is a systematic effort

to achieve cnergy conservation.

3.1 Clarification of Managcmenﬁ Policy' o _
‘Following the 'soaring of em_:l"gy"prices, the factory owner and manager have grov&n
. more cbnccmed about éllergy counservation. In orderto promodie this tendency on acompany
level msuad of letting it mercly stay withiin the frame of the owncr s mind asa desire, it needsto
be clanﬁed toumrd all the employces that'the top management has the intention to tackle the
cnergy. conscrvatlon ploblem seriously as a company pohcy In positive terms, the target
should be clarified quantitatively; such as what percentage of cnergy consumption per ton of
finished product should be reduced. Simultaneously'th.e restrictions such as the ceiling of
anuual investment and deadline for pay back time should be clarified.

As explained above, the top management should clearly show the way to proceed on to
the employees. Then in turn, the latter become confident about iheirjobs mecting the direction
set by the former. Further. both can develop a smooth collaborative relationship because
everybody involved is spmtually aligned in a unified dlrectlon '

- Since the target of the top management is shown asa comprehensive one for the whole
factory, each section and department should set concrete subtargets which do not require too
mich time'and try their best .f:ffort to achieve these subtargets. Thesesubtargets should be set

' con'cerning-items for which any counter-measures can be taken by section and department
personnel within theic own responsibility range to attain the target st by the top management.
As thie said target is'shown in a fam_il.iar_ and understandable form, it is casy to expect even
employees of the lowest rank to fully understand the subtargets and extend their cooperation
in attaining them. '

Whehn setting subtargets for each section and department, it is suggested that the
committee described iater or others study if such subtargets would bc appropriate for

achfevmg the overall target

3.2 Arrangement of System for Promotion
In a campaign, for energy tonservation where various classes of people take part,

persons who play a patt to promote the activities of all as a nucleus. 1f the factory is small, an
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tndividual person may be a t)1‘11|11(3[01', but if the factary is large. a section for promotion is
sometimes established,

This position should be, occu}md by a mp -nioteh person and he shouid always be
mrdulaboutflmognqsm m:ovconsewumnxmtuwndEookmloa cause, il thereisa delay,
then try to treat pr oblcm

Inconcreteterms, the assignments of the positionare as follows the gtaspm;, ofactual
encrgy consumption, comparison of actual energy consumption with plans, invitation and
checking ol idcas about improvement, budgetary distribution, management of work progress
and evaluation of-actual works, mapping-out of education p'rograms, preparations for
commiftec meetings. etc. ' _ |

The committee is effective for-adjustment so that inter-disciplinary undcrstanding
may be realized among sections and dcp_art'ments such as manufacturing, sales, raw material
purchasing, equipment i_naiﬁtcnance and servieing, and accounting, and countermeasures
mav be putinto practice smoothly. At the committee meeting. any possib'lc influedce of energy
conservation measuees to be performed on each section and department should be studied to
make surc that no profit is reduced on an ¢ntire factony basns _

It is important that a general manager of the factory or a person next to the former in
rank who has responsibility and authority in production assume the chairmanship of the
committee. Otherwise, no decision would be made, neither would such a decision be
implemented. ‘ :

Even if c_ertain energy measures were based on an ¢xcellent idea, any fruitful results
would not be expected uniless the operator fully understands what the measures mean and
applies them to the actual work. There are many cases where the _Q_C:(qua]ily controi) circle
which is effective for quality control is utilized successfully. for energy conservation with
noteworthy results. The QC circle is an activity of i impr oving human relatlonsh:p in 1hej0b
stimulating pcople to become more conscious about mdepcndencn endowed intrinsically to
humans and promdmg them Wlth the pleasuse of workingactively, However, itis necessary (o
prepare conditions which make the operator find it easier to conduct activitics such as
education and incentive granting before he can recognize the a_d_ifant_agcs and necessity of the
circle ai:,tiviiiq_s. It is the operator on the front line that is always in touch with energy
consuming equipment and sensitive enoughto grasp any phenomenonappearing according o
a cha_ﬁgc in the operating conditions. It is cxtremely effective for energy conservation to make
the best of information obtained by the operator and to squeeze out a good idea for

improvement.

3.3 Sc;ent:ﬁc and Systematic Activities

' -ltisan mdlspensablc condition to obtam anexact status ofenergy consum ptlon when
' cnergy conservat:on is carried out. If data such as change of the unit consumption rate per
productlon dlfferencc in the unit, variation of product grade and difference in raw materials
are not avallable it would be lmpOSMb]B to formulate plans which gu1de you.loward an area
requmng lhe nnplemcmat;on of immediate procedmeb in other words, it is {actory data that

pmv__lde, numerous ideas. _for___impmveme_nt. If studies are made of these data with a
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consciouénﬁ:ss_ab'out problems, it would be able to find something leading to such ideas.
Therefore, it is suggcsicd thata mczimu‘inginstru ment be installed at necessary spots._récdfd its
readings and obtain information thmligh their periodical arrangement. In this caéc such data
should be p:occsscd from lhe v:cwpomt of mathematical statistics to detcrmine if the
dlffoCl]CL is sx;_,mfrcant
Next, it should be quc sure that the results arc followed up, if lmplovemcm plans
wete implcmentcd “Elforts should bé made to mhancc the quahty ol operations according (o
the PDCA circle advocated by Dr, Deming. The function of the PDC/\ circle is such as

cxplained below as shown'in Fig, 111- 5-3:
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Fig. M-5-3 " Deming circle

_ First, plans should be fo-rmu]ated;. thatis, a purpose will be set for a certain theme and
means decided. This represents “P” for PDCA. People will be trained concerhing how to
perform these means and given an opportunity to actually do them. This represents “D”. The
results of the performance will be checked. This represents “C.” Results of the check will be
evaluated to determine if they are satisfactory. Action will be to standardize the results, if they
are satisfactory and to take corrective measufes if there isstilla problem yet to be resolved. If
one step was c’om;ﬁleted, the _fﬁnction of “PDCA” will be set to work towards a target of higher
tevel. In this way, people proceed with their assignments. This method will be helpful for not
only energy conservation but also heightening the q'u.allity of jobs in every field.

With regard to the part concer ned with “Plan,” it is recommended that “inip'ro?exhem
plans invitation system™ be actively utilized because items to propose can be found rathér
casily during ‘an early stage. It should be so arranged that proposals may be made by
whosoever he may be, an individual or a member of a working place, the QC circle or staff.
Proposals presented should not be left alone, but 'shou_!d be examined promptly by the
committee and others, T'he proposals presented should be adopted as far as _circum’slance.s
allow after being modified on advice depending on the occasion. It is also suggested that a
prize be presented (o pebpfc for'their proposalsand further, a commendation be given to those
whose proposals brought about fruitful results. These measures will be an incentive for people

to deepen their consciousness about participation; For proponents whose proposals were not



adopted, it is \‘uagcsled that they be explained about the reasons why the proposals were not
taken up and at the same tinye, be pmpetl\' guided over bLHLl ideas,

In thc_stag, of "™, it is suggested that satisfactory explanation be pm\uicd 0
cmployees of the lowest rank regarding an lmc_m:mtlor mpr t)\cl_ncnl._an(_i their cooperation
in an effort (oward th_.e”improvenwnt be solicited. They are also cncouraged to report cven on
minor abnormuatities during operation so that they may 'bc able to 'makc.' (;crupulo'us
'1d|ustments This consideration is Necessary to dlmmatc any posnlblc cause for enor

“C‘hec k™ should be co nducted per iodically and at the same tlmc thc results be lt’:pOIlCd
to the comumitiee and the sentor official. Along with this ptou:d ure, the lQSlllIb also should be
madec known to the operator so that he may decpen his cancern. In this case, it is important to
clartly an ‘evaluation criterion from the beginning; it is not desirable to change it ‘casily
hallway. ' | . '

If satisfztctot'y results can bc'_expct:ted following tht implementation of an improve-
ment plan, they should’ be i_ncorpo'rftted into the operation standard. Simultaneously
necessary measures for the ihtpljbvcmcm of equipinent should be taken so thatany extra load
may not be brought 10 bear on the operator. Thisisa c_onditidn for continued favorable results
of energy conservation. _ | _

lu case considerable results have been acnompllshed Lonlmuously as a result of the
above, their summarized proc,ess’es should be published as references. At the same time, those

concerned should be officially commended so that they may be motivated for next activities.

34 Furnishing of Education and 'Infortttation
Even ifem'[ﬁlbyees are willing to cobper_atc; 'ahy improvement can hardly be expected,
unless they have knowledge as 1o how theyshould doit. Thev would become more posiliv‘e Lo
participate in the energy conscrvauon Cdmpatgn if thcy are capabie of presenting’ their own
lmprovement ptoposa! wnthout being hrmtcd to merely pomtmg out problcms In order to
realize this target, an internal educatlon program sponsorcd by the company. itsell is
1mportant that is, plograms such as semmars and distribution of gu:dc books should be
provxded ln the Kingdom of Thalland a cons;derable numbcx of co mp'tmes. are énthusiastic
about ed ucauon and also numerous cases where theu‘ staffers are sent for partlc:pation into
emcmal semmars are not:ced To our regret, however, such s!af{ers sent for the external
semmar tend to keep thcu acquned knowkcdge only to themselves instead of pdssmg it on to
other staffers or general operators, Ifitis arranged 50 th'tt those who retewed external *;emm‘ir-
training bccome lecturers for mtemal cducat:on and prowde trainmg to other peOp]e bascd on
thelracqulred knowlcdge 1t is cxpcctad thatthe entire !cvclofemp]oyces profess:onalquahty
will be. ralsed and staffers part:mpalmg in the extcmal semmdrs wﬂl be able to mdke sure that
thelr obtamed know]edge 13 practlcal]y useful _ . _ S S
Next gl 15 dcsued that mformdtmn cxchange with, othcr companies of the same
| mdustry or raw materlal supphets or f-mshed product buyers be actwated Although it is-
:naturalfy tmpmtam that compet1tlon should take p[ace among differcnt companies: of the

samc md ustry, itis recommended that tcchmcai mformatlon be exchanged to some extent ona
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give and take basis. This is because the technical level of the entire company can be heightened
'::‘051li[i11g in stronger in_lcmat';o'na] competing power and subsequent mutual benefit. For
instance, the publishing of ‘actual unit conéumption rates will be instrumental for the
motvation of commercial competition, '
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. _ 4, Rationalization in the Use of Thermal Energy
4.1 Basic Data
41,1  Combustion Equipment.

{H Fuel

A) Gaseous fuel

The typical gaseous fuel used for industrial purposes is natural gas. Its
composi.tion varies according to the gas field, but it generally has methane for its main
component (88 to 99%), the heating value being 9,000 to 11,000 keal/m’.

B) Sohd fuel .

Lignite and coal are mostly used industrially and have heatmg values of 3,000 to
4,500  kcal/kg and 4,500 to 7,500 kcal/kg respectively. Their properties and
composition greatly {fary according to their places of origin.

) Liquid fuel .

Liquid fuel is generally of petroleum fuel, and represented by diesel, bunker fuel
oils (A, B and C) and kerasene. Since bunker fucl oil contains su!fur the combustion
gas uwallycontamso lto0. 25% SO; and further | to 5% of such SOz isconverted into
SO, causing corrosion.

D) Heating value
a. Solid and liquid fuel
When carbc’)n; hydrogen, sulfur, oxygcn, moisture and nitrogen contentsin | kg

fuel are represented by é, h, s, o and w (kg) respectively,

Higher heatiﬁg value, Hh = 8,100 ¢ + 34,500 (h — o/8) + 2,500 s

kealfkg
Lower heating value, H/ = Hh— 600 (9 h + w) keal/ kg
b. Heating value of gaseous fuel

Wheén combustible components contained in 1 m’ fuel for example, CHs and Ha
~ are represented by chy and h; (m*N) respectively,
Higher heating value, Hh = 3,055:c0+3,036-h; +.9 498+ch, + 14,982-c;hy
+ 35,702:¢cshs keal/ m’N

: . ' : . 18 '
Lower heating value, H/= Hh — 600 —5—3 (ha + 2 chs + 2 c2hy + c2ha

.+ 3.cshe) kcal/m’N
- E} ' Air ratio and voluine of combustion gas

Ratio of Aa, actual volume of air used for combustion to Ao, volume of
theorehcal combustion alr {Aa/ Ao) is called air ratio (m) and is represemed by the
followmg cquat;on _

C21(Ny)
21 (Nz) - 79 [(02) — Q0.5 (CO)] _ : :
' -where (CO) (Oz) and (Na) 1nd1cate in Vol.% CO 02 and Nz contained in dry

combustlon gas respcctwely :

an 111-5-4 to Fig: HI- 5-6 show relations: between heatmg values against solid,
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liquid and gascous fuel at various air ratios and volume of combustion gas.
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(2) Heat Balance and Thermal Efficiency
Heat balance is preparcd to make an important guide-line ona basis of which the
- degree of rationalization in the use of enefgy is judged, through investigation of the
heat energy provided to the co'mbus_t'ion equipment and of its state of use in order to
clarify the relation between heat input and output.
. To calculate the hezii balance,
) Properties of the used fuel

(2) Fuel consumption
(3 Temperature-of air -
(4 Composition of combustion products

(5)  Temperature of flue gas
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(6 Amount and temperature of heated matters
(7) . Amount and composition of unburnt matters .
(8) Chemical reaction in heated maiters, ete. on a basis of which the following

calculations are made;
Heat input )
Heat capacity retained by fuel
(Q X F) + (F X Cpf X At)
Sensible heat of air
VX Cpv X At _
Heat ca'pacity carried in by heated matters
'MXCme_At. ' o
Heat input due to chemical changes
HX M
tleat cutput
Heat capacity carried out by heated matters
WX Cpw X At _
Hedt capacuy camed out by combustion exhaust gas
(E X Cpe X ALY + (8% Cps XA 600 S (when based on lngher heatmg leuc)

Heat loss capacity due to incomplete combustion

C
[EX (JOO)X 3,050 X F] + {8,100 X (amount of soot)]
Heat {oss due to unburnt matters in combustion residue

F X 8,100 X

Il —nu
Heat loss due to radiation, conduclion, etc.
Z(’n( + hr)(At)(A)
For he, refer to item “Basic Calculation of Heat Transfer” as mentioned later.
h, = 4.88 [(T,/ 100)" — (T,/100)'} X ¢/ A,
A(T;; L),

' 'Cla}'if‘yi“n-g the heat ba'i_zi'né_f: in combustion equipment will tell how much of the

or

given heat capacity is used for the heating for which it is intended and how much is lost.
How much ofany given total heat capacity is effectively used is ex pressed by “Thermal
Efﬁcxency” that against total heat input capacity is overall thermal efficiency against
-total heat mput capactty, and: that against fuel heating valte is overall thermal

efﬁc:ency agamst fuel hcatmg value. Since thermal efficiency varles depending on

- which item is regarded as effectwe heat capacily, it is necessary to define the effective

. heatlng value of each combustion equipment before_hand.

~{Symbols) - _
F:  Fuel consumption | . | T [kg/h]
Q: - Fuel heating value . : R [keal/kg}

" H: Heatofreaction . I = [kcal/kg]
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M: Amount of heated ni_allcrs (input) [kg/h]
W: -Amount of heated matiers (output) [kg/h]
E:  Amount of dry exhaust gas - (/]
S: Amount of steam in exhaust gas : [kg/h]
 A: Radiatingarea ' - . [m’]
V:  Amount of air . [m'/h]
Ti, To. Tt anaw temperature, furnace external wall

temperature, ambient temperature - ' : K}

| At: Tempera‘iuré differcnce with ambient temperature [«C]

7 It Thickness of furnace wall | ‘ - {m]

ot | Spu:lf]c heat at constant plessure and the subscripts of f, v, m, w, e, and s
indicate a value oi fuel, air, heated matters (input), héated matters {output),
dry exhaust gas, steam vapor in exhaust gas respectively,

' (CO) Vol.% of CO in cxhaust gas

b Radiation heat transfer coefficient ' [keal/ m*h° C]
h.: Convection heat transfer coefficient [kcal/m*he Cj
Thermal conductivity of furnace wall matenai [kcal mh2C)
_Ash cronte'n't.'in.l kg fuel _ [kel
n: Carbon content in [ kg combustion residuc [kg]

e Emissivity of wall surface

3) Burner
A) Oil Burner
“a. Special fc_attires of combustion

SpeciaE features of oil combustion are:

{nH ‘Fuel is uniform in quality and easy to store, transport and handle.
(2) = Easy co:hplete‘ combustion and little soot occurs.,
{3 High thermal efficiency and high temperature 15 available.
4) Easy ignition, extinction and easy control in cornbumon
(5) Great capability for fluctuation in load.
" On the confrary, the defects are:
(O High combustion temperature tends to darﬁage the furnace material.
(2) Some types of burners genéfate noise,
b, Construction of oil combustion c'qui"pm'ent

‘To completely bura the {uel oil, a storage tank, service tank, oil filter, oil heater,
oil pump, oil release valve, etc. are required in addition to an oil burner and layout of

their auxiliary equipment is shown in Fig. 11I-5-7 (a) and (b).
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Fig, 11-5-7 Combination of oil combustion equipment
c. Selection of oil burner

Classification, special features and applications, ete. of oil burners are shown in
Table H1-5-1.
As regards selection of oil burner, _ _
() Since the characteristics vary according to the _iypc, select a 's_uitable one in

respects of heating conditions, type of fuel, construction of the furnace, etc.

(2) When there is a fluctuation inload, take into consideration the oil flow adjusting
range. _

3 The burner capacity should be suitable for the heating load capacity.

4) For automatic combustion, take into consideration the relation with the type of
burner.

d. Control of combustion

It is important for burner co'mbustio’n to keep the oil atomization in good
condition, Improper atomization may be c_:au:sed by intermittent atomization due to
slud_'ge', watet or other impurities in the fuel, ﬂuci_uation in oil pressure, inadequate
amount of air or ste&m for étorﬁizaiibn' insuffi(:ienf oil prcheating, ete. Improper
atomization makes ﬂame unstable causmg incomplete combu%tlon and carbon fo
stick to the. furnace ‘wall. [n addmon feeclmg method and amount of air for

"cembustxon change conmderdbly the state of flame an exccsswe feed tends to make a
short flame and too httle feed, a iong one, Adequate air ratio is generally [.1 to 1.2,
' Before xgmtlon of ‘the ‘burner; it- 13 necessary (o purge all combustible gas
| remammg in the furnace and gas flue by fully opening the fire hole and stack dampe1
-After, ;gmtlon contmue to monitor tbe flame until the furnace tcmperature rises,
“adjust the air ratlo and check for complete combustion. To exnngulsh fire, first stop
supply of fuel and try.to prevem damage due to rapld cooling of the furnace by closmg

" the fire hole and damper
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Propertics and applications of various oil burners

Medium and [ow
pressure air

- current spray
type burner

High pressure
©air current
spray type
-~ burner

Harizontal
rotary burner

Hydraulic
burner

Special
burner

Alomizes by
medium ar low

Alnmi:z_es by high
PLEsSCe air or

Atomizes by
means of centri-

Atomizes by
pressurizing fuel -

Atomizes by com-
bination of pressut-

Charactenstic

handling,

Tor large capacity.

Ignition must be
stabilized.

Atomizing | pressure air or sweam. tugal force of'a oil itself, izing fuet oil itself
meathod sieam. : rotator. i and use of high and
' medium pressure
air current, -
Hydrautic Hydraulic pres- Hydmglic pres- Natural flow Hydraulic pics- Hydraulic pressure
presSIFe sure 0.2 to 0.5 sure 0.2 to 0.5 down system sure 5 to 2¢ 5.t0 30 kgfem?
air oF ' kgfem® _ kgfem? _ Hydrauiic pressure | kgfom? air or steam pres-
Air or steam pres- [Air or steam pres- [0.2t00.5kg/fcm? { For special use, sure 0.3 to Skgfem?
Seam 4 e 200 to 1,550 | sure 2 to Tkglem? . 60 to 70kgfem?
pressute mm water column
Good atomizing Viscosity of fuel Kerosene or gas Fuel oil with Suitable for kero-
even for fuel oil oil may be higher. |oil with Jess vis- Tdgher viscosity sene and gas oil
Visédsity : with high viscost- | Air o‘r s.steam for cosity Suitable wiJ-i provicie_ m | with low v'is‘?dsity
of fucl | ty. Atomized air | atomizing to be for heavy oil A feror atomizing. | and heavy oil A.
oil amount to be 0.5 to 20kgper  land B, : :
30% or less of kg of fuel, 0.4 to
theoretical air 0.7 kg for higher
amount. performance.
1115
Gil amount (Non-return’
adjusting 1:5 1: 10 1:5 system) 1:3
range C1:3.0
(Return system)
Spray angle 30 ~ 60° About 30° 40 ~ 80° 40 ~ 90°
Blower islow-cost | Generates noise. Less equipment Less operating High in both hy-
and generally used. cost and easier | cost and suitable | draulic and pneu-

mati¢ pressures,
high equipment
cost and generates
noise. Good com-
bustion and short
fName.

For heating fur-
naces, boilers

General heating
furniaces, boilers

For medium and
smal] boilers.

I For boilers with

large capacity, for

For special purposes:
with medium and

Applicati | with medium and | with medium a_nd rotary kilns. small capacity.
PPUCALONS 4 o all capacity. smal capacﬁy and

large boilers (High
pressure). -

B) Gas Burner

a. Special features of combustion
- Special features of gaseous combustion are:
(N Easy adjustment in combustion
(2) Complete combustion is possible even in a cooled combustion chamber.

(3)

Less air ratio is needed than for coal and fuel oil and it is easy to adjust
atmosphere in the furnace. |
)
(5}

Since premixed combustion is possible, high load combustion can be made.

‘Neither carbon nor ash accumulate in the combustion chamber, burner and
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heated matters. Also, the exhaust gas is clean,
On the other hand, the defects ares

(D For'large-capacity, storage and piping ccjuipment arc cxpensive.
(2) It has a smaller flame radiation thﬁn iiqui‘dfue _
(3 Gas ’makagc 15 d]fhcuit to detect and pwmuhons must be taken against
-explosion. '
b, Construction of gascous combustion equipment '

Gaseous combustion chipmeni docs not need as many auxiliary equipmems as
liquid combustion equipment, but a mixer and b_t_lrﬁer suffice. Gas burners are mainly
divided into two types; one is.a diffusion com_bus'tion'bu'rnér; and the other is a
premixed comblisti(jn burner. The premixed combustion burner needs an injector-
mixer to mix fuel gas withair. The injéétor—miter has three types; aspiration type with

fuel gas, aspiration lype with air, and pressurc mixing {ype.

c. Selection of gas burner . _

Special features of the diffusion combustion burner are:

n * There is no posmblhty of fhsh back and damage tothe bumu occurring.

(2) Flame is stable even with low gmdc £as.

(3 Luminance of flame can be intensificd.

4 Air and gas can be pf'ﬁheated higher than the igniti.on temperature,
Special features of the premixed combustion burner are:

(n Easy complete combustion '

{(2) Great space heat load factor

{3 Eaéy airigaé ratio zxdjusimem

d.

_ This type of burner uses either an iujector—mixer' or a ratio control valve to keep
the mixture ratio of fuel gas to air constant. _

Since there aré many types of fuel gas for industrial purposes and many types of
burners, to meet each t_;-,'pe of fuel gas, are sold on the market, a suitable burner in
respect to type and pressure of gas, constru(:tion of the furnace, heating method, ctc.
must be selected, Typieal types and specml features are shown in "[able I11-5-2.

Conlro} of combustlon

When handhng the gaseous combusnon equ:pmcnt speclal attentlon should be

paid to cxplosmn and mloxncatxon diue to CQ, 'Smce explosion accidents of

_combustlon eqmpmem tend to occur durmg ignition for start-up, full attentmn should

_ @

be givento purgmg before 1gmuon and ﬂash back Also, when there is a penodlc
turbulence in flame, it is necessaly to extmgm_sh the_ fire once and inspect.

. Rationalization in the Use-of Thermal Encrg’y m Combustion Equipment
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Table MM1-5--2 _ Classification and spécial features of Gas burners

- . Diffuse combustion gas bumer - Premixed combustion gas burner
. Low High ) B i Variab
L - W pressuis igh pressurs |+ ama ariabls
Ring gas Pipa gas Torch gas Tile gay velotit Tunnet gas Webster gas
Y gas velocity gas retention gas : . Name gas
burnet humez burner buener bumer buraer buenet bumer huma_r burner
Consists of | - |ltisa sn;ight Hisacom- - [Constists of Typeinwhich {Type in which |Oneinspilater | Onésetofin- § With the ajr/ - § With the com-

to 3 ringdike !line bumer bination of Yentusimixer | combustion . Pair is sucked and one or spilater and fugt ratlo con- | bustion capaci-
paner heady, and i con- Ventur miser [burner nozzle | gas is sucked in by fuel gas. [several bumners {one or several | stant, the com-| ty and airffuel
each of wiich | trelled by - tand flame ré-  |and buiner in with low To increass are joinlly burners are bustion capact-| ratio constant,
is conteailed cock like the | wention chip titeand the | pressare air. and decrease  |used. Narrow  {jointly used to |ty is adjusted | it is possible to
by each cock. |rng burper. burnzr in . 1secondary air | To incicase the capacity, adjusiing buin through [ by means of a | adjust from
Good com- Good com- which good ~ JhofelssuiG © Jand dectease  |aigffuclratin  jrangs, - Bbuents tile te- | valve, Consitts] sharp shost
buition and Bustionand * | combustion is cientiy largs tha capacity, can bs accn- leased Lo armos-{ of Venturi fame to soft
widz adjust- whle adjuiting | inade in azmos- |to provide airffuel ratio ratgly and pro- phere, whareby | throat and long flame.
ing range. | lmange, | phere. engugh air can be accu- pottisnately any optional | ftame sezeation
with small eately and pro- |adjusted only flame is ob- nozzle.
draft. portionately by controlling tainable,

adjusted only ] fuel gas pres- -

by controlling | surs, Wide

air piessure. combustion

Wide som- adjusting

bustion ad- range. Siitable

+ | justing range. . | when adjusting

Suitable when | burners indi-

adjusiing viduaily.

biurners indi-

vidually,
Gas pressure {3as pressuré Gas pressare Gas pressure Gas pressure [ Gas pressure Combination Combination Gas presture Gas piessure

75~300 mmaq | 75~300mmzq § 75100 mmag | T$~150mmaq | 50~150 mmaq | 706~25000 with tow pres-

Combustion Combustion Coinbustion Combustion Air pressuce mmag [ sure inspilater
capacity capacity - capacity - " | capacity 500~1200 .} Combimation .|3300~1800000
9300~ 30000 | 4000110000 | 4400~120000 1280040-250000 mimay cagacity - kealfhr
kcalfhr keatfhr kezlfr keatfhr | Combustion 14000-220000 [ Combination
capacity kealfhr | with bizh
5000700000 plessure
kealthe inspilater.
9000~330000
kcalfhr

wilh low pres-
sure Inspilater
8000~1400000
kcalfhr
Combinztion
it high
pressure
inspilates.
13000320000
keatfhr

00~ 14600
mmaq
Combustion
capacity
1000003300000
kealfht

A) Reduction’in Air Ratio *

250 mmag
Air pressure
250 nmaq
Combustion
Capgrity
LTO00-1330000
kaalfhe

)

Heat carried out by combustion exhaust gas in the eqlupment heat balance is

greatly mﬂuenced by the volume of exhaust gas as mentioned in item (2) which s

directly related to the air ratio. Heat Ioss due to the exhaust gasincreases in a straight

line with increase in the air ratio as shown in Fig. 111-5-8 and Fig. 111-5-9. Therefore,

30

70 |

Waste gas heat loss %

1.0 1.2 1.4 't.6 1.8 2.0

Adr ratio

Fig. III-5-8

Relation between air ratio and waste gas loss
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Relation between air ratio and thermal efficiency

the less the air ratio is, the less heat loss ought to be. Since,' however, heat loss due'to
incomplete combustion takes placé when the air ratio is less than 1.1, the maximum
value for thermal efficiency exists while the air ratio is between 1.02 and 1.10 (Fig.
[11-5-9) However, at the géneral combustion equipment, the load usually fluctuates
and, at that time, incomplete combustion may generate black smoke due to a low air

ratio. Therefore, the equipment shouid be, in fact, operated at an air ratio of

approximately 1.3, including some allowance. {Table [11-5-3)

Table 111—5-3

- Classification

Standard air ratio

Meltiﬁg furnace for metal casting
Continuous billet furnace

Continuous heat treating furnace
Petroleumn heating furnace
Cement calciner

Alumina kxln ahd iiine klh’l -

. Continuous glass melting furnace

Other metal fumaces than contintious billet furnaces
- Gas producer and gas heating furnace

Thermal decomposition fi umﬁ_ce and reformiﬁg ['um_'fice

13
125
13
13
14

14

13

.13

14
1.3
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Recently, :fiir and fuel flow rates are individually and directly measured and
cross#ii_mil type control by means of a computer is performed sa that the specified air
ratio is always maintained even during fluctuation in load. Thus, it becomes possible
to keep the air ratio at 1.02 to 1.10 at all times, resulting inan highenergy conservation
elfect. - ' '

B) Recovery of Waste Heat

When the temperature of exhaust gas at the furnace outlet is 1,000° C even at an
air ratio of 1.2, the exhaust gas loss is close to 50%. This indicates that cnergy
conservation of combustion cquipment depends on recovery of heat in the exhaust
gas..

a. Preheating of raw material

Smce raw material is usually charged 'u normal temperatures, a preheating
chamber is provided at the material charging place and exhaust gasis introduced here
_to heat the raw material. Suspension prcheater systems in cement plants are a good

-example of this method. (Fig. I11-5-10)

Waste gas
Rotary feeder ) | Waste gas _
N4 Iststage ' ® Electrostatic dust
Electrostatic _b_ g cyclone collecior
dust collector : (! ,' 2-stage
D D ¢ cyclone S P
VAV X7 . S5F
—— i Main 1 ,@ 3-stage }
Chimney
exhauster 7 i cyclone
i Burner
' N : FF
. - X'F.;-_. Flash e,
f’-.-; >yl furnace - =~ O, :
\ Yy,
4-stage \ Gy
Bucket elevator " % ey
cyclone x5
M ' i Cooler vent
ateria :
powder (V
e FIOW' 0{ mateﬁal { - ] ’llzI/!I/I.ﬂIlllltfllﬂllt”t”dfll \"
—_ Fiow of gas . . Clinker cooler Clinker

Fig. III-5—10 New suspension preheater system cement plant

b. Preheating of combustion air
When temperature of combustion air is raised by the use of a heat exchanger, the
used amount of fuel will decrease as can be seen from the heat balance equation. As
one example, air preheating temperature and fuel economy rate at air ratio of 1.3 are

shown in Fig. [1I-5-11. Attention here should be paid to corrosion due to sulfur
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Fuel economy rate %.

Air Tatio 1,30

100 200 300 400 500 600

Alr preheating temperature °C

Fig. TII—5—11  Fuel economy due to air prelieating

contained in fuel. Sulfurisin the form of SO, in the exhaust gas, and a portion of such
S0O; is converted into 's'og SO, further combines with water vapor in the combustion
gas mto sulfuric acid vapor, ‘which reaches the dew pomt at low temperature walls to
liquefy, corroding the heat exchanger The dew pomt temperature 1s difficult to clarify
theoretically and determined empirically, Tt'is generally said to be 110 to 160 °C for
fuel oil combustion. (Refer to item for Boiler in a later scctlon )
¢.  Ulization as other heating source o
-If sensible heat of the exhaust gas is suitable in heat capacity, temperature range,
etc. for heating source of other equipment and it is located near the other equipment,
the utilization should be considered. Also, 1fth_erc-1sademar1d for steam in the factory,
itis advisabie. to.install a waste heat boiter and utilize sensible heat of the exhaust gas
for steam generation. ' '
C) ‘Utilization of Sensible Heat of Heated Matters
Heated matters from combustion equipmentareat high tempeiaiure and assuch
they, except as subsequently treated in the next proces_s, generally are cooled to
ambient 'tem'perature or mostly quenched to prevent side reaction. In such a case, the
senssblc heat of heated matters should be recovered for effecuve uulazanon Good
'examples are utrluauon of clinker ccwlmg air as pnmary combustion air in cement
_plants {Fig. HI-5-10) and waste heat boiler for quenching gas at cracker outlet in

ethylene plants, etc.
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4.1.2  Heat Transfer Equipment
{n Basic Cal'c_l'ilat_ion'uf Heat Transfer
When there is a temperature difference between two objects, movement of heat
(heat transfer) occurs, a mechanism of which is classified into the following three:
Heat transfer by conduction
Heat transfer by convection
* - Heat transfer by radiation
: Sir’;.cc héat transfer pl'actical!y occurs under mechanism of combination of these
three, it will be extremely complicated il precisc calculations are made. However, the
calculations can: be, in most cases, simplified by the use of approximation or
simplification of phenomena. Equations under the respective mechanism are de-
scribed below: _
A) Heat transfer by conduction
When the témperalurc at each portion does not vary according to time, namely,
under a steady state, it is described.
a. In'the casc of plance
When n sheets of plates lie one upon another, heat flow, Q transferring through

these plates is:

Q= AsAt/-Z (4/N) - (keal/h)

: =t
Where A,: Area of a surface perpendicular to the direction of heat transfer (m?)
At Té:mperaturg difference between low and high temperature {° C)
I: - Thickness of plate (_Jh) '
\:  Heat conductivity of plate (kcal/ mh® C)

Assuming 3(5/ A} = R, R may be called heat resistance.
b. In the case of ¢ylindrical surface '

Us.ing the séme symbols as item a.
) : n .l . B B

Q=2maArlLf X {5\“ ()] (keal/h)
Where L : JIenLth of ¢ cyllnder (m)
1, r,-H:'lnSlde and outsndc diameters of jth layer (from inéide) (m)

B) Heat transfer by convection ' .' i

Thts mvolves various conditions such as qpemflcauon of flu1d flow condition,

shape of object aspcct of change in ﬂuid phase etc.; for each of which theoretical

cquatlons and cxpenments are lnd1v1dually made, Frcquently used rcplesentdtwc

ones are dcscubed herem D

- a.  Mean heat iransfer c,oeffl(:lent om in natural convection When the fluid is air.

i} .In the casc of plate _
Con_vectu)n from lower surface _

am= LI13(At/ )" (kcal/m*h°C) 3IX A0 < GrPr<<3X 10"
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Note: Refer to Table 111-5-4

Where At Temperature dilference (¢ C)
I: Representative length of plane (m)
Gr: Grashol number '
Pri Prandil number

Convection from upper surface

=227 (AUYDH . (keal/m*h e C). 10’ < GrPr< 2 X 10

am = 0.831 (ADY>  (keal/m’h°Q) 2310 < GrPr <3 X 10"
Convection from \fc_i'tical surface . g '

am = 1.22 (At/H)"  (keal/m’h °C) 10* < GrePr<< 10°.

am = 1.13 (A (kcal/m’h °C) 10° < Gr-Pr << 10"

Where H: Height of vertical surface
i) In the case of horizontal pipe

em = L14 (A D) (keal/m*h °C) 0 < GrPr < 10

am = 1.07 (Ap)"” (kcalym*h °C) - 10° < GrPr< 10

aom =04 (D) (When D is small) (kcal/ m*h °C)

; - . - GeP, <107
Whiere D : Outside diameter of pipe (m)

Table III—-5—4 Dimensionless terms related to heat transfer -

Name Equa_tion  Abbreviation
Nusselt number l{ka Nu, Ny, -
Stanton number : " hiCpG St, Ngp = (Nu){Re)(Fr)
Condensation number R(v® [g) Y3 1k Co, Nop
Reynolds number | DG/u, Dijy Re, Np,
Prandi} number . Cp plk Pr, Npy
Péclet nurﬁbm@ ' CpDGIk Pé, Npg=[Re)(Pr)
Grashé_f number . (D3 z/v* )(BAL) Gr, Ngr .
© Graetz number . | wqéfk! Gz, NGy = {}(Re;(mmm

Note: Dag,'/y2 is'rcferr.e'd'to as Galilei number,

DPg/* = (Re)?j( i [gD), & [gD . are referred to as&Froude number.

G- Specific lieat at constant pressure |
D : Diameter or representative length
At .Tén’iperatur_é difference '
G = 4ip + Mass ve[bicity

7 : Average velocity of flow -

% DZC'I:' M_a.ss_'fibw _

: Gr@vi_tat_ional acceleration: . -

: Viscosity . p : Denmsity - v=pfp : Kinetic viscosity

. Coefficient of ﬁhermal expansion [ : Tube length

w.
k' o Heat conductivity -
"
B
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b, Heat transfer coclficient, o in forced convection
1) Inside heat transfer coefficient
aD/a = 0.027(Re)* P2 (/5™
Where D: Inside diameter of pipe (m)
w. Viscosity of fluid
Moo Viséosily of fluid at tube wall temperature
ii). Outside heat transfer coefficicnt
aDfa = C« (Re)y* X 111+ (Pr)*"
Where D@ Outside diameter of pipe (m)
C and m vary according to values of Re, as follows:

Re C m
4X 10" to 4 0.891 0.330
4104 X 10 0.821 0.385
4 X 10tod X 10° 0.615 . 0466
4% 10" to 4 X 10° 0.174 0.618
42X 10"t0 4% 10° 0.0239 0.805
C) . - Heat transfer by radiation

Heat flux, Q radiated around from an object at a temperature of T (K) is
represented by the following equation: |
Q=488 ¢+ A-(T/100)* (kcal/h)
Where e Emissivity of object
A: Surface area (_)f object (m%)
Heat flux, Q transferred between two objects at different temperatures (1, 2) is
represcnted by the following equation: ' '
_ 4.88 _
Q=AFn (1 1 ) [(T:/100)* — (T2/100)"] (kcal/h)
€ &
Where A,: Radiation area of object I (m?)
Fi2: Coefficient dctermihed by relative position of object (View
factor)
Ty, T2: Respective temperatures (K)
@, &2 Respective emissivity
Radiation heat to wide space can be approximated by the use of the equation in
item (ii} in the following equation:
Q = A. 4.88. {[(T1/100)* = (To/ 100)"] (kcal/h)
Where Ty, To: Tempera{ures (K) of object and ambient respectively
D) Calculation exam'ple of heat transfer compo'sc'd of three modes of heat transfer
Taking the casc of heat transfer from jower plané surface ed’uipment to
a[mosphere, it is described. ' : _ .
Heat flow, Q = Conduction ‘heéat transfer through equipment wall =
Convection heat transfer Q. + radiation heat transfer Q, . ................... (hH

Treating temperatures within the equipment, on its surface and of atmosphere as
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4 (°ChL L (°C) and t, (¢ C) respectively,

5 .o _
Qkf—A-(t,-“'t,.,)/‘.5.11 (07, O e (2)
I= - :
- by - to 144 . . ;
Q- = 1.13 (kf--k}-w—)- A = L) e e (3)
Q. = 4.88 [((“ + 273) (tp -+ 273) I _ _ 4
= 3 - o A i e e e e e
100 100 ' : - - ' ¢

If t. is detm mined by ‘;olvmg Ihe cquauon which is obtamed by substituting
cquations (2) to (4) for equauon (l) ‘the heat (low can. be catculatcd Since this
equation is ccmpllcatcd, we us‘ua_Hy cannot help but tesort to iconography or the
method of trial and error for the solution. However, it is needless (o say that it can be
eastly solved by means of a cb_mputer.

{2) Heat Transfer Caleunlation of Heat Exchanger
A) Overall heat transfer coefficient

Heat transfer thrbugh wall of single tube is ex:pressed by overall heat transfer
cocfficient, U, based on the outside diameter in the following equation, combining
heat resistance of the tube wall and dirt resistance thereto and inside and outside
convection heat transfer.
1/Uo = (1/0) (Di/ Do) + I 1y + (x/ X)) (Duf D) + RS (D/D)+ R,

Where h;: Inside tube convection heat transfer coefficient

h,: Qutside tubc convection heat transfer 'cbefﬁcient

Dy: nside d.iamcter.of tube.

D,: Qutside diameter of tube

Dy,.: Mean diameter of tube

x: Thickness of tube wall

A: Heat conducﬁﬁi_ty of tube wall

R;: Inside dirt resistance

R,: Outside dirt resistance:

~ Since the dirt resistance depends on quality of finid, temperature, flnid velocity,

and the degree of cleaning, it is difficult todiscuss generally For reference, anexample
of various dirt resmtance isshownin T able 111-5-5. Value R will not decxease to zero
even if the heat excnangcr is completely cleaned, and heat transferis greatly influenced
b_y the degree a_nd frequency of c!camng. . Therefore, maintenance of the heat
exch'an'gér has a great influence on ‘encrgy conservation.

In mulntubular heat exchangers the overall heat transfer coefficient calculated
asa smgle tube cannot be. used as-is, bui there is another equation with somewhat
modlflcatmn and also eonectlon is. requued

- The correctxon i$ dete;mmed by the Iayout of tubes, the nurnber of arrangements,
- the ﬂow dxrectlon etc and is compl;cated Here, the descupnonls omitted and actual

examp}es are shown m Tablc 1 5—6
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‘Table [I-5-§

{a) Scéle cu'efﬁcie.‘nt of water’

Tcmperature of Ingh tcmpemture ﬂuld ( C) Upto 115 115~205
— - g
Water temperature (°C) 52 or below | 52 or above
Velority of ftow. of water (mfs,ec)_ Lorbelow | Vorabove § Lorbelow | 1 or sbove
Sea vaer _ 0000l | o061 | 00002 | o002
1 ; i ; .
Service waler. \H:Il waler, coolmb tower water, Jarge
. lake, engine jacker. softened bmltr fged water . 9-‘090“" 0.0002 | 00004 0.0004
. Distilled waier l).i_}{)m 0.0001 | 0.0001 0.0001
Hard wates {15 geainsfgal oy mee) . 00006 0.0006 0.001 QQ01
i River water (average) 00006 | 00004 | 00008 | 0.0006
0..)) Sealc coeHliciznt of various fuids
on Gas, vapor Liquid
Fuel oil | e.001 - Organic matter vapor 0.0001
Machine oil Steam (conlaming no oil) . :
- ) Aloshol vapor 0.0001 Organic matter liquid _
Transformer oil 0.0802 olvap
e S - : Refrigerant liquid | 0.0002
Clean circulating oil Steam (containing oil) 0.0002
. - : . S Brme (for coo?.mg)
Quenching oil 50,0008 Réfrigerant vapor
. : ’ 0.0004
Vegetable oil 0.0006 Air
Table II--5-6 = Overall coefficient of heat transfer of mult: tube -
heat exchangers
.S efvice : ' ; . ) Ovemll coéfficient
kondit High temperature fluid Low temperatuse fuid .| of heat fransfer
ndition e ®
(kealfm )
Water Water 1,200~2,500+
Methanol " 1.200~2,500%*
-Armmonia ” 1,200~2,500%"
. Water soiution " 1,200~2,560%"
Cooler Organic matter viscosily 0.5¢P ar betow** - 350~ 150
| Organic matter viscosity 0.5~1.0cP* " 250~ 600
Organic matter viscosity 1.0CE or below** " 25~ 400*
. Gas " 16~ 250%
Water = ’ Brine 500~1,000
Otganic matter viscosity 0.5cP.or below+* Brine 200~ 500
Steam Water 1,000~3 500%
" Methanol 1,600~3,500+!
" Amimonia 1,000~3,500*"
" Water salution viscasity 2.0cP or below 1,000~3,500
Heater o Water solution viscosity 2.0cP or above 500~2,500%*
" Qxrganic matier viscosity 0.5¢P or below 500~1,000
" Qrganic maiter viscosity 0.5~1.0cP**. 250~ 500
Organic matter viscosity 1.0cP or above 30~ 300
« Gas 25~ 250%3
Water Water '1,2002,500%
Water solution | . Vatex'solution | 1,200~2,500%"
W Organic matier viscosity 0. ScP or below" Otgan_ic matter viscosity 0.5¢P or below*'| 200~ 400
che:::;::- Organic matter viscosity. 0.5--1.0¢P** - |Organic matter viscosity 9.5~1.0cE+* 100~ 300
Organic matter viscosity 1.0cP or above** |Orpanic matter viscosity 1.0¢P or above*® 50~ 200
~ | ' Organic matier viscosity £.0oP orabove®® - [Organic matter viscosity (.5cP or below** ) 136~ 300
Organic matter viscosity 0.5¢P or below** | Organic matter viscosity l_.Ocl" or abovef‘- 30~ 200
Note L:]Overall coefficient of hedt transfer shown an the above table are, with the exoeption of *1, *2 and *3 |
based on when the scale cocfficient and the allowable pressure foss on the controlling fluid side are assumed
10 be 0.006 m? - hy- °Cfkeal and 0.35 to 0.7 kpfemn? 1espectively.
Note 2: | *1 to *6 on the above table are as f’ollows:
*]. When scale coefficient i5 0.0002 m?- hr- "Cfkeal.
*2. When pzessute loss it 1.4 to 2.1 kgfem?.
*3. Greatly varies with service pressure of the gas.
*4. Oganic matters suchasbemene ioluene, acetone, ethanol methyl eihyi kefone, gasolme fight
kerosene, uaphtha stc,
*5. Drganic matters such as kernsene, hot gas oil, heat absosber oil, a portion of crude oil, etc.
*6.  Orpanic matters such as chilled gag oil, fuel oil, crude oil, tar, asphalt, ete.
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Mean temperature difference
Heat transfered, Q in heat cxch'mgm is cxp;e%cd by the following cquation:
Q= Ao Un Al vt eyt (D
" Where A,: Heating surface based on outside tube

D R T R N SR SRR PR

CAtm Mean [empemlme dll"fercncc, between both ﬂunds

The temperature dlffmem,c between both [luids, At, may in most cases, differ
according toeach spotin the heat c}\changer. Inboth high and lowtemper ature {luids
as for one passage type heat e‘\.'c'hang'e, when a differential equation for heat balance
with A, and At as var‘ia_bles is'solvéd,

@

Q=A, Up (At — ALY LIALFAL)Y oo e e e
The above equation is 6btained. _

Where subscripts of At show inlet and cutlet of the heat exchanger ﬁ:spcctively.
Equispacing equations (1) and (2}, - |

Aty = (At - ALY L(AL/ L\tz) ..... e S eeas e ieaeiaeeeaaans 3

This is called logauthmlc mean temperature - difference. In many of the heat
exchangers in practical use, the fluid channel is comphcatcd as show.n in_Fig.lH—S—ﬂ, '
and, as such, the temperature difference value calcutated from equation {3) cannot be
used as-is but needs some correction: Treating the correction factor as Ff, mean
temperatuire difference At, is calculated by the following cquatlon

At = F, - (At — AL)/LALJAL) ..ot e e v 4B

Values F, due to cach channel configuration are. shown in Fig. 111-5-13 (a) to (I).

| T
- 7 :
( ] J t ' [:
y T,
Once shell side passage _
Even times tube side passage

o Ty
-
: 1 H

- —
e e el
' i1, o

Two times shell side passage

Tube side 4, 8, 12 ...... times passage

(¥
Shell sxde 3 times passage

Tube'side 6,12, 18 ... tlmes-;.)assave

Fig. HI-5-12

t
T,
Shell side 4 times passage
Tubeé side 8, 16, 24 ...... times passage

Shell side 6 times passage

Tube side 12, 24, 36 ...... times passage

r_}Tu

12 % T = SN
g B N tr

2
Tube side odd times passage per
Shell side passage

_ Shell./ Tu.be type heat exchanger
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A)

{c) _
Fig. 1l1-5-13

* Types of Heat Exchangers
Heat exchangers are mainly: dmded according o type of heat transfe: element

(f)

Correction factor Fr

from the constructional standpoint and further classified according to the type of

container to house the heat transfer element. They are divided from the constructional

standpoint as follows:
Tubular type (Fig.11-5-14 ~ Fig 111-5-17)

a.

b
c.
d

Coil type heat exchanger

Trombone type (Coolér)

Multitubular heat exchanger
(1) Fixed tube and plate type

(2} Floating head iype

Double tube type heat exchanger
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(3) U-tube type

(a} Tank heatelr ' " (b) Coﬁ'type heat exchanger

Fig. 1II-5—-14

_ , Fig. HI-5-16 |
Fig. 1lI-5-15  Trombone cooler Double tube type heat exchanger

SRANES
Bl

i

(a) _Fixca tube sheet type heat e)%cl;anger

i
=%

(b)  U-tube type heat exchanger

(e Floatin‘g head typs hea_'t'cxchangcr
(1) Shell " (2) Heating tube  (3) Tube plate
-(4) Partition chamber (5) Baffle

- Fig. II-5-17 -Mu'iti—tube type heat exchanger



111-5-29

B) Plate type (Fig. 111-5-18 ~ Fig. 111-5-19)
a. Jacket type heat exchanger
b. Plate type heat exchanger

¢.  Spiral type heat exchanger

oo

Plate type heat exchanger

Fig. II-5—19  Spiral type heat exchanger
C)  Special type (Fig. 111-5:20) '
a.  Air ¢ooling type heat exchanger
b. Bayonet heat exchanger

c.  Compact heat exchanger

oS

@M. : :
ﬂﬂ' (1) Tube bundle (Fin-tube, header)
(2) Fan :
(3) Drive
{4) Plenum chamber
(5) Frame

Fig. HI~5-20  Aircooling type heat exchanger
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Characteristics of typic:al ones of the above-mentioned heat exchangers are
described.

Coil type heat exchangers: . _

Many of coil type heat exclnngcm are lnSt‘l”Cd within storage tanks an(i reactors,
ete. The overall heat transfer cocfficient is greatly affected by the outsidc tube heat
transfer coefficient. The construction is simple, the cost is low, and Llcamng and
replacement arc'generally easyr When condensation is expected in the fluid within the
tube in desugn consideration must be given not to ptcvcnt condensate {rom
discharging. _

Trombone type cooler: o

Since Trombone type cooleas conslst of 180° bends and straight tubes,
replacement of tubes and extension works are casy. Also, since there is little possibility
of lea.kageﬁ they are used for sp'ccial.processes suchasacooler for sulfuric acid and for
fluid cooling. Since the water side heating surface often contacts with air, acrobic
plants arc liable to breed and scale tends to stick due to water cvaporation. Therefore,
do not neglect clcaning'

Diouble tube type heat e)xchangels

Double tube type heat exchangers are used for small scale type with heating
surface to the extent of 151020 m’. Care should be taken i inthe cleaning of the annular
space between the inside and outside tubes, and lcakage from the gland jointed
portion. ' '

Multitubular heat éxchangers:

Multitubular heat exéhangers are most widely used in chemical industries, have
high reliability ini practical use, and can be designed and manufactured to a wide
varicty of specifications for high temperature and high pressure to large capacities.
The fixed tube and plate type is low-cost and eaéy to manufacture, but the shell side
fluid must be restricted to non-corrosive little contaminated material. Floating head
type has advantages that it is easy to inspect and cléan the heating tubes because the
tube bundic can be drawn outside, and that no therma!l stress is generated because
thermal cxpansion due o the temperature difference _in' the fluid is absorbed.
waever it is comp'licated iii' éonstruc’tfon'and expcnsive ‘

‘U-tube type has no possxbxiaty of thermal stress, and its tube. bundle can be casily
drawn outSlde for cleaning. HOWever it has a défect in that it is difficult to clean the
bent portion of the tube, ' . _

In multltubular heat cxchangers tubes are attached to tube plate by tube
expanding work and looseness and corrosmn at this portlon cause the fluid to leak.
Therefore this spot must be checked for mdmtenance
Plate type heat exchangers _ .

_ The heatmg area can be freely mcreased and decreased by adjustmg the number
_ of‘piates used and it is easyto assemble and clean. Since turbulance can be givento the
" flow, the heat transfcr coefficient is great. However, the useis hmlltcd toa pressure of

_ appr0x1mate1y i kg/cm and temperaturc of apprommately 150°C from the
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constructional standpoint, Many of them are used in pharmaceutic and food
proccssi'ng industries and general chemical industrics have begun to use them.
“Spiral heat exchangers: |

Since the fluid rotates, turbulance increases the heat transfer coefficient. Like the
plate type, it is possible to design a small-size type. Flange construction facilitates
disassembly. Since, however, the clearance is small, it is difficult to inspeet the back
between the plates. ' -
Air cooling type heat-exchangers:

CAdr cooling ty'pe._h_cat exchangers consist of finned tubes, header, fan and its
drive. Since the cobiing 1ﬁcdiun_1 is air, it is convenient when co.oling waterisdirty orin
short supply. To use, consideration should be given to the plaéc forinstallation so that

cool, fresh air may be introduced.

Unit Equipment in Use for Chernical Plants
Reactors '

Reactors are equipment - which play a leading pa[t among, eqmpments in chetmcal

industries, and generally occupy an nnportant posmon also in thermal energy.

‘Reactors used in various chemical industries vary in a wide range and several different

reactors are used even for the same chemical reaction. However, we follow their general

classification and describe the respective characteristics:

(H Classification by construction and form
A) Vessel type reactors

- These reactors are most widely used in chemical industries. They are genetally
equipped with agitator, and Jacket and coil, ete. for the heat exchanger These types
are- used for both batch and continuous Opcration over a wide range of temperatules
and pressures. They are widely used for the manufacture of alum; citric acid, soap,
adhesivéé sodium silicate, cupric sulfate, ctc. | '

B) Tubular type reactors

These reactors are installed for both single tube and parallel mu]utubular type.
Mostly, heat exchange is made between inside and outside tube fluids and heat
transfer is accelerated when filled with catalyst; They are used for synthesis of
ammonia, oxidization of naphthalene, decomposition of hydrocarbons, etc.

) Tower type reactors _ ' '

These reactors are of a vertical, cylmdrlcdl type with a larger diameter than the
tubular type. Some of them are filled with solid packings or catalytic particles; some
arc equipped with baffles, or some are only empty towers, etc. They are used for the
- manufacture of formahn hydro- -desulfurization of petrolenm distillates, ete.

(2). - Classification by temperature control '
A) Isothermal operation

1sothermal operation is made when heat of the reaction is small, when reaction

mass is very sma[l, or when inert fluid with great heaf capacity is introduced, or heat

exchange with the outside is so sufficiently performed that it is regarded as almost
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isothermal within the reactor.
B) Adiabatic 0 pf:muon :

Adiabatic aperation is made when no heat exchange 13 pc rformed between the
\mcuon system and the Qutmde but the reaction is adiabatically pclfmmed in this
case, heat of cvolution or heat of absorption due to the reaction as-is becomes an
increase or decrease in enthalpy of the :cactlon system.

When heat of the reﬁcuon is great, some factories usc 4. mt,thod to blmg
tcmpcralmc d;btubtmon in the reactor close to optimum temperature d!siubutmn in
which the reaction layer is divided into several stages, a heat exchanger (or heater or
cooter) Is inserted between cach siage, or reaction fluid at low temperature (ot high
temperatue) is-introduced to adjust tcmperauuc at mlci of each adiabauc reaction
layer, Thisis called multiple adiabatic operation and is used foran SO; convertcrina
sulfuric acid plant and ammonia synthesis converter. -

<) Heat exchange operation :

This operation is widely used to deal with heat of reaction and transfers heat of
reaction from reactor wall to outside of the system. This operation is divided into two;
self-heat exchange type, and external heat exchange type. In the former type, a
_reaction fhuid itself cools (or hedt's) the reaction chamber and, at the same time, itsell i
preheated (or cooled) and enters the 'r_eaétion_chamber. In the latter type, the reaction

chamber is cooled or heated by an other heating medium. Concrete examples of the

above types are shown in Fig. 11J-5-21 and Fig. 111-5-22.

{a-1) Self-heat exchange system (2-2) Externai heal exchange system
(a) Heai cycﬁange operation ) ’ {b) Adisbatic operation
F: Feed fluid P: Pmduct fluid :

Flg III 5—21 Temperature control meihod and temperature proﬁle of reactor
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o _.L.

(a) (e) (0 Y

(f) (9) ' (h)
{a) Prehealing system -(hj Internal heat exchange system (c} Ring cooling space system
 §d) Packed-in-tubetng system {e} Packed-our-tube system () Tube and barrel systern

(&) Extém_al neal exchanger systém {h) Mulii-stage system with externat heat exchanger

F ig'.: IMI--5--22 Heat exchange system of fixed catalytic re'actor_.

(3)  Rationalization in the Use of Thermal Energy _
' Since chemical reactions of industrial purposes generally abound in exothermic
. i‘eaCtic')ns;'it will be desciibed. o ' ' '

To preheat raw material, heat should be obtained from the heat exchange with
hlgh temperature products after reaction or heat exchange within the reactor or in
intermediate cooling, etc., and heatmg w1th fuel, steamn, etc. from the outside of the
system should be mlmmxzed '

_Forcooling for temperature controlin the intermediaté reaction layer or cooling
of high témperature products at the reactor outlet, toge’ther‘ with or separately from
the preheatmg method, itis “desirable to effectively recover the heat of reaction and
utilize it both outside and inside of thc system by the foIIOng methods:

Heating of boiler feed water or stcam generation.

‘Heating of air or of other {luids.

[ Enforcement example 1]

“Ina sul_furic'abid plant using sulfuras raw material shown in Fig.' 111-5-23, heat of
evolution from-the sulfur burner is utilized for stcam geﬁ’eration, and the heat of
reaction in an SO; converter is utilized for preheating of raw malerial air in the
intermediate cooling and for preheating of feed water in cooling at outlet. Asavesult, {
~ton _df high pressurc steam is generated per ton of 100%'sulfurié acid. (An example in

the U.S.A.) | ' | |
[Fnforcement example 2]
Inareactor to manufacture formalin by air oxidizing methanol, heat of reaction
s 1'eéo£rcl'ed as low pressure steam by quenching product gasata temperature of 600 to

630° C after reaction at a quenching boiler. The amount of recovered steam is about
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400 kg per ton of 38% formalin and all steam is ca asumed in the plant. The amount of
stcam supplicd from the outside of the system is anly aboul 100 kg, (An cxample in

Japan.)
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Fig. -5-23 Typical flowchart fora sulfﬁre-buming contact sulfuric acid plant

422 Disttling Plants
(h Prmmp!c of Distillation

“When a mixed solution conssstmg of two or more volatile matters is evaporated,
the vapor is richerin components oflow bmlmg point than the original qoiutnon while .
the remaining liguid is more concentrated with companents of high boiling-point.
Appiymg this prineiple, it is the distillation operation that scparates the solution af
higher concentrations in a specified component from the mixed solution. D:snlhng
plants used for this purpose are widely _adopted in chemical plants..

Moreover, when vapor once generated is cbndcnsed and it is evaporated again,
the Jow-boiling point co_mponc_n_t_in the vapor is more concentrated and thé remaining
fiquid will be'increasingly'rich inlhigh boiling point compounent on the sanie principle. .
This pnnmple is materialized into a multi-stage dlstillatlon tower. In the multi-stage
distillation tower, yapor generated from one p!ate comes into direct contact with
hqu:d on the upper plate and condenses, in which case the Iatent heat is released. This
latent heai is further used for evaporation of liguid on the said plate, Since such a
phenomenon OCCUTS throughout all plates in the tower, the thelmal energy required
forthe dlstlllahon :s‘t_l.sua_lly su_fﬁc_ed with only heat input to the b_ottom heater; cooling
for cqndénsat_i'on. of Vappr is sufficed by only the overhead condenser. Next, peculiar
factors to the muiti'—_stagé'distil_lation operation ax‘é described:

'<Reﬂux> , L L . '
' _ To keep thf: compos:tlon of the overhcad pmdu::t constant (in the case of
7 commuous opcrahon}, or to improve, sepasauoﬂ from the high-boiling point
component (for, both batch nd continuous operation), a port:on of the overhead
,”dmtﬂlate is returned tothetop, which is reflux. Ratio (Flow rate of reflux)/(Flow rale
- I_';of overhead product) i$ calied “Rcflux ratio” and one of very 31gmﬁcant factors in the
' ,. _'dxstxllatmn operatmn
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< Relation between reflux ratio and number of plates of towers>
Relation between a number of plates (called “Theoretical number of plate™), N
required to separate product at a'speeificd concentration {rom original solution and

the reflux ratio, R is showtt in Fig. 111-5-24.
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Fig. 1—5-24

R cannot be made less than R b‘@t the required plate number of the tower will be
mfinite - when R is cqual to R,,. Also, when R is increased, the required number of
plates will decrease. Even if R is infinite, the plate number cannot be decreased less
than N,.. R, and N, arc called minimum reflux ratio and theoretical minimum
number of plates respectively, cach of which is one of the important factor for design
and operation of a distiiling plant. '
< Relation between reflux ratio and thermal energy=>

| Vaporflow rate which rises in a tower is the same at any'plate in the tower, unless
there is cbdliiag or heat release in the tower, and such amount is (1 + R) X (Flow rate of
overhead product) X (Latent heat of evaporation), being provided by the bottom -
heater.* Accordingly, reduction in R directly leads to energy conservation in a
distilling plant. S '

*Note: This is when the feed being charged is atits boiling point and in any other

‘ cases; correction'in a thermal state of the feed is neccssary.
(2) Classification of Distillation Towers -
A) Plate tower

Plates used to hold liguid in the tower are provided in multi-stages, and the plates
themselves are turned .into pefforat_ed plates or many bubble caps are provided in
order to make the contact between- vapor nsing froma lower plate and liquid on the
plates better. Also, various devices are provided to collect a specitied amount of liquid
on each piate and to allow the liquid to flow down smoothly to a lower plate.

B)  Packed tower |

Packings which are of shapes io perform gas-liquid contact effiéiently are packed
ina tower to perform evaporationand condensation continuously instead of stepwise.
Although this tower is inferiot; to A)in berfdrmahce asa distiliation tower, it has
advantages in that the equipment is lbchost and the pressurc drop in the .tower is less.
However, packings with better performance than the plate tower arg recently sold on

the market, though expensive.
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Rationalization in the Use of Energy

Optimization of Reflux Ratio .

Although reduction in R leads to anr{gy mnsenf'mon ax mcnuomd above,
increase in the high-boiling pomt.compouwt in the overhead product and increase in
the low-boiling peint componen{ in the bottom product occur, resulting in lowered
performance of separation in the distilling plant.

In genclai taking inta consideration advusc cfﬁ:cts wh:ch may be caused by
fluctuations in feed composition, fluctuations in plessmc of heating steam, elc., it is, in
most cases, seen that the operation is made at a larger vatue of R than required with
margin. Although R is generally determined ewpirically, it is advisable to [irst
endcavor to minimize the rzﬁnge of fluctuation in various (luctuating conditions and to
determine the lowest value of R which will not affect the’ produét qualit}', by
decreasing R gradually. Also, since value R is influenced by feed platés number, it is
also a method to change the feed plates accmdmg to a method of trial and crror.

Cleaning of Plates or Packings '

Vapor actually genelated from cach plate 18 not in an equlhbnum composmon
with the liquid. Against this deviaiion, consideringa plate efficiency and regarding the
quotieﬁi obtained by dividing the required plate.number theoretically ca]cuiated by
the plate efficiency as the real plate number, actual cqvlpment is made.

When the plates or packmgs are Lontammated by tomtgn matters coniamed in
the liguid during operaimn the p]ate efficiency will lower below the design value.
Therefore, we cannot help but increase R to maintain the performance. To prevent
this, it is important to reicase the tower peri'o'dically and inépec_t and clean the inside,
. Recovery of Waste Heat due to Heat Exchanger

Since overhead vapor has latent heat, utilize this for the heaterin the toweral low
temperatures and preheat feed with sensible heat retained in the bottom product. {See
Fig. [11-5-25.) '
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Also, heal in the overticad condenser can be utilized to gencrate low prossure

stcam when the vapor is at high a temperature. (See Fip, 111-5-26.)
Theve is a niethod to utilize vapor in the overhead product for the bottom heater

by.pressurizing the vapor to raisc the condensation temperature, though it may be a

someiwhat expensive plant. (See Fig. 111-5-27))
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Fig. [11-5-26 _ _ Fig. I1-35-27

Precantions for Heat Insulation

“When the distillation tower proper is not heat insulated, or when it is poorly
insulated, heat release from the tower wall will condense a part of rising vapor in the
tower (It is'_é.'alf.ed partial .con'densation,). When partial condensation oceurs, reflux
ratio, R will decrease at above 'plates, rcsﬁlting.in lowered separation performance in
the disﬁlléxtion_ tower. If R is going to be maintained to prevent thi.s, it will be necessary

to supplement only an amount of heat-loss from the tower wall by the bottom heater.

Evaporators
Evaporators are, in most cases, used for concentration and crystallization of
solutions in chemical plants. Since solvent for solution is generally waterand its latent
heat of éyéporation'is great, evaporators are important equipment as the subject of
cnergy c'bi{servati_on. As hcat source, combustion gas, direct flame, electric heat,
heating medium, ete. are used in addition to steam, but only steam heating type will be
discués’ed here:
- Types of Evaporators

Construction of typical' evaporators is shown in Fig. HI1-5-28.

(a) is often used for batch type.

(b)' islowin eﬁu.ipm_cm cost per unit heating area and easy to replace tubes.

in (c), liquid is naturally cil;c'ulatcd, being heated while it falls down along a
central large tube (called downtake), and rises within small tubes and this type is most
widely used. In (d),' solution becomes a vapor-liquid mixture in heating tubes and rises
ata high rate inj'e_l, and the efficiency is high. In'(e)_, heating and evaporation areas are

separated and it is easy to replace and clean tubes and convenient to operate. In (f) and

- {f"), solution evaporates while it is flowing down in the form of a film on'the heating

" surface, and it is suitable for concentration of the solution with high viscosity and

sensitivity to heat. Heal transfer ponition'has (wo types: one is vertical, long tube type

(), and the other is plate type (7). The former is not suitable for solution which forms
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scale and crystal because of inside tube flow down systen.,

Uniform distribution of solution on the heating surface is one of the important
operating conditions for both types. In (g), evaporation is pcrl‘m‘méd by blowing out
hot gas in a liquid, or by installing a burner in the liquid, allowing it to burn directly
and blowing out combustion gas at high temperatures in the liquid. Since evaporation
is performed by direet liquid-gas contact in the presence of inert gas, concentration is
performed at low temperatures, and the heat transfer capacity is great. (g) is used for
concentration of highly corrdsiye sclutions such as sodinm sulfate, phosphoric acid,

dilute sulfuric acid, magnesium chloride, etc.

Wire mesh
dehumidifier

v (demist)
i
A . '
3 ~ Heating - -- Distributor
surface
Ie =
L
: . . L. . . 1
{2) Jackeled (b) Horizontal tube system (¢) Vertical short tube system Circulaﬁngm
evaporator {inside tube: steam) {inside tube: liquid} liquid
(standard typc) Pump
(for
o - feeding Non-
¥ . liquid} condensable
® "
§ Pump
(for
.y citeulating)
LV rF ) (for
(d) LT.V.type {e) Extemnal heating forced i finishing}
(Natural circulation system) circulation syst.crn (f} Falling-film evaporator ) Fal]ing-ﬁ]m evaporator
Air v
S
A Non-condensable gas outlet (vent) Fuel a,—‘_iulil Burner
(: Condensate outlet (drain) kas :
F 1 Dilute liquor infet
- I: Thick liquor
S : [Inlet of steam for heating
Vi Evaporated vapor outlet
(g} Sub_mexged-combusfion
) . evaporator
Fig. I11--5--28 Examples of evaporators
(2)  Effective Utilization of Energy
Since evaporationrequires a lot of encrgy, several methods shown in Fig, 111-5-29
arc adopted with reference to use of steam from an energy economy standpoint.
A, Steam recovery method '
~ Steam is utilized as-is; (a) _
Steam is otherwise utilized after compressing it; (b)
_b. Steam (re)compression method .
Evaporated stear is utilized for heating itself after compressing it; (c), (h), (j)
c. Back pressure utilization method

'Ufiligationzof turbine exhaust;__(d), (M)
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d. Multiple ¢ffects method
Discussion later; (g)
Combination of above methods

&

Methods in conjunction with the multiple effects method; (f), (g), (h), {1}
In addition, there is a muliti-stage flash evaporation method, which uses heat
rcta‘mcd_in generated steam to preheat feed solutions, and is applied to desalination of
“sea waler,
(3 Rationalization in the Use of Thermal Energy
: .Although cnergy ‘unit of evaporation largely depends upon the methods
mentioned in the préceding item, it is also affected by many other factors, which will be
described below:
A)  Effect of Scale
If salts which will form scale are contained in solutions, scale deposits on the
heating 5111'face,-becdmes a heat transfer resistance or blocks, because the heating tube
wall has the maximum temperature. Therefore, it is advisable to prevent this by the

following methods:

a. Remove scale formation .ing'rcdients beforehand.
b. Select pH, concentration, temperature, ete. of the liquid.
(a) (b (c)

S |§’ ,'
2l 6

K (i) B: Boiler
s C: Condenser
§ i . E: FEjector
H FQ-A»’_Q- K: Compressor
L‘---.-"QK' ) T: Turbine

Fig. HI-5--29 Classifiqation of evaporation systems-
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. Introduce suttable chemicals,

d. Select the type of evaporator to which it is difficult for scale to stick. and to
thoreughly clean.

B) Steam Consumpiion in Steam Fj(?ClOl“a _ _

Steam cjectars are generally ‘used (o maintain pnssme in cva.pnmmts and
remove non-condensable gas such as air, ete, Driving steam is usually condensed by a
barometric condenser, and the temperature of cooling water used for this condenser 1§
related to an amount of driving steam. That is, the lower tl_}é-t_empei'ature_ of water is,
the less the amount of steam required is and also the lower the pressure of steam may
be. _ ' ' _ _ _ 7

For cxample, steam pressure of 15 atg is vequired when water in the barometric
condenser is at 41°C, but when the water te:ﬁpcmture comes to 35°C, a steam pressuie
of 10.6 atg will suffice.® . '

*Note: Represeating saturated pressure corresponding to water lemperature o .
thie barometric condenser as Pt;, Pis, and gjector driving steam pi‘es'siu‘e' correspond-
ing to each of them as P, P> respectively,

P+ 1.033 Pt
P, + 1033 Pi
(Unit) ?h, Ptz: Torr
PPy i kglem'G
C) Air Purge in Steam Heating Chamber
When air or other inctt gas is contained in hé&ted steam and solutions, the gas
accumulates in the heating chamber, heat transfer is impeded, and lowered steam
partial pressure lowers heating temperature, As a counlermeasure to prevent this, a
purge valve is provided inthe hé_atiﬁg chamber and purging operation is perio’dically
and slightly excessiv.cly performed. 1t is theoretically said that discharge should be
continued until the temperature of the discharge gas reaches the temperature in the
steam chamber. _ ' |
It is desirable that the air discharge valve should be focated on the exact opposite side
to the steam irilet and in the steam flow direction.
{4) Muiti-Effect Method _

When the boiling point is. br'ou_gii't below the temperatufe of condensation of
generaied steam in the preceding stage evaporator, by IOWerihg the inside-evaporator
pressure on the 2nd stage and after below the pressure in each preceding stage in Fig.
11-5-29(¢), generated steam in the preceding stage- is introduced into the heating
chamber inthenextstage and its hieat of condengation will be utilized for evaporation
in the next stage. ' '

Itisa speclal fedture of thc multi-effect method that rcmarkabiy less steam
consumpnon suff;ccs than. whcn a specified evaporatmn 15 pelformeu in a single
evaporator. When the number ofeffects (numbm of stages) is N the heatmg steam will

“be theoretically I N of that of a single evaporator and tnc larger N is, the more
advantageous it . will be from -a theimal economical slandpgmt. However, the
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equipment _ﬂhci operation costs will in fact increase with N, there will exist an
ecanomicaﬂy optimum value for N. Briefly assuming that steam cost is in inverse
pro.portion to N and l‘ix'écl cost is it proportion to N, the optimum number of effect,
Nop: 18 expressed by the [()ilo\vlng cquduon |
Now =/ P/K

Where P = W, + Csf Fo _

K: Mecan steam cconomy (Amount of water evaporated by lkg ofsteam per

evaporator; .85 to 0.9)

W.: Annual amount of evaporation (kg/y)

Cy: Unit priéc of steam (Bt/kg)

I-.:  Fixed cost of evaporator (Bt/y)

Dryers P _ _
. Dryers Whic_h are constructed to evaporate moisture fro.m a wet material by
‘allowing hot air to contact will be discussed here. Since the material to be dried varies
ina wide rangein shape_and physical and chemical properties and its moisture content
also differs, the drying operation will 'vai.‘y according to each case. Thercfore, many
types of dryers to meet respective material characteristics and operations are'sold on
the market. 1t is very important {o S¢le'ct the equipment. Howcﬂecr, this proposal will
only give general consideration to problems for material and equipment here and
describe general energy conservation of dryers.
(H Class of Dryers
Dryers aze classified by the relation between material moving system and heat
transfer of the material to be dried, as follows:
A) Hot Air Dryers
a. Hot air conveying types.
(D Flash dryer (See Fig. 111.75_—30)
@ Spray dryer (See Fig. I11-5-31)

Dry products«
ECl@

Dry_ producis @

(1) Hot air producer (2) Drying tube  (3) Material feeding device
(4) Primary cyclone collector  (§) Secondary cyclone collector
(6) Exhauster : '

Fig. I-5-30  Distribution diagram of flash dryer
' : (Direct feed system)
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[@—C)

$ a

(@ Hot air producer @ Sprayer (@ Feed liquid pump = (@ Drying tower proper
(® Cyclone collector (&) Bag filter (9 Scrubber Blower (® Exhauster
Iried products

Fig. 11-5-31 Distribution diagram of spray drying

b. Material agitation types
(D Rotary dryers
Single cyhndrical direct heating type
Do’hble cylindrical direct, indirect heating type
External heating type (Sée.Fig. [11-3-32) .
@ Multiple-stage disk dryer (See Fig. 11-5-33)
® Groove type agitation dryer (See Fig. 111-5-34)
(@ Fluidized bed dryers
Multi—stagc'continuou‘s type _
Horizontal multi-chamber continuous type

One-siage continuous type (See Fig. 111-5-35)

Batch type

- Fig. 532 External fire type rotary dryer .
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Muitiple-stage disc hot air dryer Hort air groave type agitation dryer
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i

© Dried products
(coarse particles)

(D Air filter 6] Blower (» Burmner ® Airhéater (&) Distributor
(® Material feed device (@ Fluidized bed Cyclone

Fig. III-5-35 Oﬁe stage continuous flow dryer

c. Material c_om;feying_ types and stationary types
(O Through-circulation dryers
Band type (See Fig. 111-5-36) .
Rotary type (Seé':Fig. 111-5-37)
Vertical moving bed type (See Fig. .III-5-38)
Box-b.atch t'ypé'(Fig._ 111-5-39) .
(® Tunnel dryer (See Fig. 111-5-40)
(3 Band dryer
(®» Box dryer
(® Sheet dryer (See Fig. 111-5-41)
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Alr ticater Circulating‘t‘an '

Fresh air o e
hy,; - ﬁ_______h_w

‘ =
ch f’@LHQE:DEELJBM_E&'“

Fig. HI-5-40 Dis'tr_ibution diagram of counter-current tunnel dryer
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|_-Fan
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Fig. 1lI-5—-41  Vertical nozzle jet dryer

R} Heat Conduction Dryers
a. Material a’git.ation types
() Groove type agitation dryer
@ Cyliu_di'ical agitation dryers
Atmaospheric pressure type, Vacuum type
(3) Plate agitation dryer '
@ Rotary dryer with steani heating tubes (See Fig. 111-5-42)
® Mﬁlti—stage agitation dryer (See Fig. [1]-5-43)
&) Vacuum rotary dryer
b. Material .stat:onary types
(D Vacuum dryer (See Fig. 11 5—44)
‘(@ Freezing dryer (Fig. 111-5-45)
c. Cylindrical types -
' (D Drum dryers
Atmospheric pressure type (See Fig. H1-5-46 and Fig.. II!-5—47), Vacuum type

SCrcw feeder-
Heatmg thimble Heatmg tube
AR : '

u1/,//////:/:r/z///f/r'/////!! PR AR S ///1 B l"/‘:"(-/;’/-’i
Strainer

Fig. TIl-5-42  Ratary dryer with steam heating tube
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(@ Cylindrical dryer
;. Heati.n=stcnm s
L mekra-- Wet material ne ,/:| 2
tHeated air

: Holldw disc

Rotary rake..

‘ Condensed water
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1 A}, Strainer

Fig. 111-5-43

Multiple-stage agitation indirect dryer Fig. II-5-44  Box type vacuum dryer
@
[
> @ - @

e e T
Lnim e e e e et =

@) Dryingchamber (@ Condenser @ High vacuum pump
() Low vacuum puinp (9 Refrigerator & Hot water tank
(7 Chilled water tank Pump '

Fig. HI-5—45 Distribution diagram of freeze vacuum dryer

Fig. _III-—S——46 Drum dryer bottom fef_ed Fig. I{—5--47 Drum dryer top feed -

(2) - Selection of Dryers
.' Tiis very important, not only in the productmn control ofa chemical plant, but
alsointhe economy of energy, to select an optimum dryer—taking i into consideration
properties of materials to be dried, specification of dry products, drying capacity, etc.
The main po.i'n'ts' for selection of dryers will' be described: '
~A) Propertles of Materials to be Dried _ S
Of the properties ofthe materials to be drled ‘when wet mmsture cortent, partlclc
size, adherabihty and allowable temperature are most important. In addltlon it is
- ncccssary to setze COIle[IStlblllty, wearablllty, shrink characierlstlcs granulation ete.
By . . Pmpernes of Dried Products” .

Consnderat;on must be paid to what moisture content is reqmred for the drted



111-5-47

product whc_l.hcr the dried product is powdered, granular or in other {orms, and
whct.hé__r any special condition is given to the particle size, bulk specific gravity, color
tone, fla\ror etc.

C) Dlymg Capacity and Mode

This is one of the important factms for (iutcrmmatlon of the type of the
eqmpment. Depending upon whether large quantities of matcerials are continuously
dricd or whether each of the small quantities are dricd batch-wise, the type of
cquipment greatly differs even if the drying mode is the same. For example, when
through-circulation drying is adopted, band through-circuiation, rotary through-
circulation and vertical- lhrough—circ.ulation moving beds are recommended for
continuous large quantities system. When in small quantitics and batch-wise, box
through-flow is suitable

2) . Heat Source _

Study what can be used as a heat source and what kind of heat source should be
used based on requisites for the dried product. Heat is generally given to the material
o be dried by ailéw_ing hot air to come ‘in_to contact with it. However, when the dricd
product is apt to be easily darﬁagcd'by hot air, or when it is.necessary to dry at low

_ temperatures because the material is sensitive to heat, indirect heating with steam, etc.,
or indirect heating methods by means of an external heat source must be used, When
no requisite for the dried product is provided, itisthe simplest proceés to allow hot air
to come tito direct confact with the material. Th’cr_cfore, the most economical heat
source available or waste heat from other equipment cte. shouid be utilized. One
- example of th_c_se_léction of dryers is shown in Table 111-5-7.
3 Rationalization in the Use of Thermal Energy
A) - Pretreatment of Material

Itis advis'abl.f_: to remove as ‘much moisture as possible in the preceding pfocess
and to charge soluble mater_iél into the drying process after thickenning them as much
as possible, or insoluble ones after dehydrating mechanically as much as possible.

_ _Ailhough a dehydrater is comparétive!y expensive, the consumption energy is by far
less compalcd with drying in which moisture is thermally removed by cvaporatmn
"B} Pleventlon of Heat Loss
~ Sincesmall-scale dryers have gencrally large specific surface:s and the heat loss is
apt to be great, posmbly exceeding 10% of-h_eat input, they must be completely heat
insulated. Next, there may be much more loss due to leakage of hot air than is expected
and as such it is heccssary to provide flanges or connections between moving and fixed
parts inlet of material and outlet of products, etc. with seals accordlng to the respective
internal pressure.
<) Circulation of Exhaust

Inhotair dryers, the amount of sensible heat carried out by exhaust is very great,
Toreduce this, it is unportant to reduce the amount of exhaust in addition to lowermg
the temperature. Circulating a portion of exhaust gas for re-use mc1eases_ the thermal

- efficiency.
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In the system of feeding targe quantities of hot air at right angles to the material
advance dircetion such as band through-circulation dryers, the exhaust is at high
temperatures and has low humidity. Therefore, the efficiency can be increased by
dividing hot air blowing into several sections and usmg cxhami on the latter side for
the preceding side s.ucgcsswcly. When drying is periol med at high temperatures, the
drying rate liérdly decreases because of the increase in 'h_umidity' and as such
circulation of 'thc' exhaust can be usually utilized. |

Rem\fely of Sensible Heat from Exhaust

Recover sensible heal carried out by exhaust and utilize it to pwhmt dryingait, in
which case a plate typc ‘heat cxchanger, heat pipe, etc. are suitable for the heat
exchanger. However, the latter has a difficulty in that the equipment is expensive.
Whena heaiexclmngesysteni isadopted, attention should be paid to the fact that dust,
moisture, and others contained in the exhaust comal_ninatc-thc heating surface and '

possibly may cause corrosion. Periodic cleaning and inspection are iequired.

Table 1[1-5-7  Examples of selection of dryers
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Next, a meéthod to directly recover heat 1‘%:t£\intd frthe exhaust without using heat
exchangers should be stﬁd_ied. For example, when the exhaust is concentrated by
allowing it to’ come into direct contact with the liquid to be dried in spray dryers,
almost all sensible heat of the exhaust can be utilized close to the saturation.

) Recavmy of Latent Heat from Exhaust -

' The percentage of heat capacily used Tor evaporation ofmmslme to heat capacity
cofisumed for the drying operation is very great. Since this 'evapora{cd vapor
accompaniés the exhaust, the thermal efficiency will remarkably increase if this latent
heat is recovered. To recover, utilize it asa heating souree for concentrating eq uipment
or récover by means of a heat pump. Taking into con_Sideration"tempcr‘ature: and
humidity of the exhaust, it is nceessary to study for what purpose it can be utilized in
{he'plant. _ _ ' ’

) Recovery of Sensible Heat from Dried Products
" When dried products aré at comparatively high témperature, cool them by air
and recover heat retained in them to utilize for preheating the drying air. Since the
'tem.pci'at:ui‘c ol th'e'=c'ix'ied'prod1:c'ts is not so high mostly, cool and at the same time,
_ preheat air by means of a fividized bed and the effmlency may be 1mpr0ved
G) Others ’

R (T oftch seen in chemical plémg that air is used to cool reaction products,
distillation towers and condensers for rcfr'igcrators Although the temperatuore of the
exhaust air in these cases is not so high, it can be mastly uulwed as drymg air because
large quantmes of air flow are available. In some cases, the temperature of the exhaust

is so high that it can be fed as-is into dryérs, resulting in high energy conservation.

4.2.5 Refrigerating Facilities
{1 Refrigerating Cycle
: Thc méchanical refrigeration method utilized industrially has two systems; vapor
compression, and absmptlon svstcms Since the former is generally used, only the
vapor comprcssnon system will be described here.
In a vapor compression system’ tefugeratmg, plant, refrigerant gas which has
reached high tcmperatures and high pitssures compicssed by a compressor relcase

heat to the outside, become liquid in the condenser,

Condenser

I lzz:r__‘J Heat

o)
— (‘i:j
Expansion

Work - valve -
(AW) .

Compressor < Heat

I (Qz

Fig. 1II-5—-48  Refrigeration cycle

7 Evaporatcr
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Next, being reduced in pressure while passing through the-expansion valve, il

enters the evaporator, and absorbing heat from the outside, it becomes gas ag,am and:

then enters the compressor, which i is called “Refuéexatmg Cyclc“ (See Fig. I11-5-48) .
Mtdway through this tcfngc;atmg, cycle, a work'is made on the refri u,uant from the
outside within the compressor. Raplceentmg,tlus work doncas W kg m, heat ﬂbSOl bed
by the evaporatar as Q:kcal and heat released ftom the condenser as Qikeal, the
following relations exist. '
Aw=0Q — Q. A= H427 kmlfkg n1 _

To knbw va rious changes in the state of the refrigerant in the r.efrigcraiizng cycle,
diagrams generally used contain: :

Pressure-Enthalpy diagram 01 Mollier diagram (P-i dmglam)

Diagram with pressure P on ordinate axis and enthalpy i on abscissae axis.

Temperature-Entropy diagram (T-s diagram): '

Diagram with absolute temperature T on ordinate axis and eatropy s on

abscissae axis. _
P-i diagram is more convement for various design calculatlons and operduon

analysis of a refrigerating plant and 1$ mostly utlllzed
Fig. [11-5-49 shows thelefrigeratmgcycle illustrated on the P- idtaglam Point A
shows a state of refrigerant (fow temperatuve and low pressure) sucked in the
compressor and when compressed, it becomesa state of point B (high temperature and
high pressure). At this time, it is _trhedretically an adiabatic compression and on an
isoentropic curve. Compression work, W {(kgrm/kp) is | '
AW =iy~ i, -
Where i,: Fnthalpy at compressor mtake port-{kcal/kg)
i;: Enthalpy at compressm discharge port (kcal/kg)
A: 17427 (keal/kgm) |
Refrigeration cffecl m the cvaporator (;cfrlgeratmg capacxty per kg of re-

- frigerant) g is

Qe = io — ia (keal/kg)
Where L Enthalpy at evaporator inlet '(kcal/kg) 4
Also, the ratio of refrigeration effect to comprcssmn work is called “Coefficient

of Performance” and repr»sented by E.

= (o ~ i)} (i — ia)

i - Critical point
2
. c Condénser
A
o
2
" .t
5-.3’_ .
A @ g : l
! © ' Evaporator 3 .!:
m
s R Lo
230
@ 5 \Enthalpy
_“7 . . - - L :A. . 1]

Fig. 1I-5-49
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< Unit of Refrigerating Capacity> _ _

_'Aithougli_it is convénicnt ta determine units representing 1‘c’f1‘igcra{ing capacity
of a refrigerating (acility beforchand, the value varies from count ry to country and, as
such, care should be taken to prevent confusion. .

For c;_{é mple,.
(Japan) _ o _
Refrigerating capaéity fo turn I ton of water at 0°C into ice at 0°C for 24 hours is

~ called “I Refugc;atmg ton and equw'llenl to 3 320 keal/h.
(U.S.AL). |
200 BT U/mm is callcd “l Rcfr;geratmg Ton and eqmvalent to a heat capacny used
to melt 2000 pounds of ice at a temperature of 32°F for 24 hom_s. (200 BTU/ min.
3,023 kcal/h) _ '
P-i dlagrams for cach refngerant are shown in Fig. III 5~ 50 and !*1g 111-5-58.

2y Comprcssoas fo: Refrigerant Gas
' Compressors for refrigerating facx!mes arc cEasslfled into wuprocatmg, centri-

fugal and rotaxy types by compressmn mechanism. Recnprocatmg type covers small
capqc:ly to iarge capacny and can be used at almost any temperature. However, the
Centrlfugal type is cheaper in cqutpment cost for larger capacity, but comparatively
expensive for the largc: compressnon ratio. Also the efficiency will be worse for small
capacity (less than 40 m /mm)

Screw compressors a klnd of the rotary type, have little dependance in efficiency
on the capacity, and new compressors at one stage equwalem to the reciprocating type
attwoor three sta.ges'_in compression ratio have been deve!IOped and have been recently
widely used for refrigerating facilities. Refrigerants generally used for each compres-
sion type are shown in Table 111-5-8.
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Absolute pressure kgffem?

R el LI

13§

" Change in graduation -—-L_ Fnthalpy kcal/kg (Enthalpy of saturated liquid
: at 0°C is regarded as 100.)

Fig. 111-5—58  P-i Diagram of R-502

Table II-5-8 Compressor and refrigerant

Type of compressors Refrigerant to be used

High and medium temperature areas —— R—-12, R-22, \5H3
Reciprocating type

Low temperature area ~—— R-13, R-- 1.4, E‘ﬁhaﬁe, Ethylene

- Small capacity high terﬁpérature area R-113,R—114 '

Centrifugal type 1 Large c'ap:acity high iehlpeta;urs_area'

R--11

Loﬁ témperatur’e afea R~12, NHI3

Rotary type o R-~12, R;{?.z_., NH;'

Also, the class' of refr 1gelants and thc system of rcfngeratmg cycles at varmus
evaporauon temperatu:es when a rec;procatmg comprcssor isused are shown in Table
HI-5-9. thn the compreseor is-operated at a high compressmn iano, loweied

' 'voiumetrsc efficsency, detenorauon ‘of lubncatmg oil due to rising of d!scharge gas
temperature carbomzatlon and damage to discharge vaive, etc. tend to occur, One

stage compression is usua}ly performed ata compression ratio of 8 to 10 or less and a
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two or three stage compression system is adopted for a higher ¢ompression ratio.
When the evaporation temperature is —80°C or below, refrigerants for high

temperatore wse such as R-22, ammonia, cte. have very low vapor pressure

corresponding to the evaporation temperature and become a high vacaum, lowering

volumetric efficicney of (he compressor remarkably.

Accordingly, the binary 1'ef_rigt:1"aii11g cycle is mostly used in this temperature range

(Sec Table 111-5-9). In this binary relrigerating cyele, a rcfﬁgér;mt with éolnparali\-’c!y

high vapor pressure is used as a low temperature icvel refrigerant.

Table 1H{-5-9 Refrigefation cycle of reciprocating refrigerators

range

L

+5 ~ ~35°C R—12, 22, NH, | l-stage or 2-stage compression
-35~=-60°C | R=22 . | 2-stage compression

<60 ~ —85°C R—22 | 3stage compression -

—85 ~ ~100°C | R=22 & R—13 2cycfe(

—100 ~ ~130°C | R—22 & Ethylene | 2 cycle

Low temperature ~ R—13 1-stage compression
High temperature R-22 2-stage compaession

R-22 & R-13 |2 cycle(
Low temperatuxre  R-13 2-stage cdmptession
High temperature R-22 2-stage compression

R=22 & Ethane | 2 cycle High temperature R-22 - 2-stage compression

(Low temperature  Ethane : 2-stage co'mpressidn)

Low temperature . Ethylens  l-stage or 2-stage compression
High temperature  R--22 2-stage campression

' B - Low température R~14 1-stage or 2-stage compression
R-22&R-14 21‘_“1& (High temperature R—22 2-stage compression

{3 Refrigerants

Refrigerants are mediums havirig thermodynamic changes in refrigerating cycle,

and substances with the following special properties:

A}  Physical Propé rties

.

b.

C.

B)

The critical temperature is higher than atmospheric temperatures and the
freezing point is low. o
Heat of evaporation is great (small refrigerant circulating amount suffices).
Ratio of specific heat of gas, namely, ratio (specific heat at constant pressure)/
(specific heat at constant volume) is small.
Caefficient of performance is great.
.Spcciﬂc volume of gas is small (small volume of compressor suffices).
'Condénsing‘ ér_ld evaporating préssure arc adcquale.
Chemical Prdperties _ '
C:hemica!]y stable under service conditions.
Inert and not corrosive.
‘Solubility in fubricating oil is small.

Low viscosity in both gas and liquid.
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High heat conductivity.

Characteristic values for cach refrigerant ave shown in Table 111+

H1-5-11.

Brine

-58

S<-10and Table

The solution of salts used as a cooling medium in indivect refrigerating methods is

calied “Brine”, Salts mostly used as brine are calcivm chloride (CaCl) and in addition

there arc sodmm chloride (N’lCl), magnesmm chioride (MgCIz) melhanol ethanol,

ethylene glycol, glycerine, éte. Fig. 111-5-59 and Fig. 111-5-60 show the specilic heat of

brine, and the specific weight and freezing temperature respectively.

Specific heat

NaCl | 1gp | foacts TREEEREIT
Log— - . :
AR | i
— 1oL ; 105 1. 05
5 Ry e i
j_:il@ TR _ [ 1'1‘0 !
= — 7 ol e N m—
3 hs 1P| I :
= 08 T - " T - | .,_'-
) oL R NS
Lo L v |t
o s L L
s i e g B L
- N-w % 0 wen-» 0 2
- Temperature ( C)
Fig. 1I-5-59  Specific heat of brine
\ .
]
N . i
RN f ?,7 b
6 I\\\\\ /\ +Cl /" / mE
S~ n \\\/ //\Q/ 12 il
N T oAgen || =
ot : \ / : ss . =
‘3 ’ X ‘ J/’. L3 ‘E‘
2 1IN %
r
— 40 c’,bc: I . L2 g
b .;\vi/ )l \ g
: S N Jeatts a
| e - 11w
Bzl
mwﬂ/f R R W wl
Concentration (kg salt/ 100 kg H: 0)
Fig. III—-5-60  Freezing temperature and specific

gravit_y of brine

R_atio_ha}i;ati_on in the Use of Refrigerating Energy

Purge of non-condensable gas

There: may be non-condensable gas contained in a circulating refrigerant. The

kin'ds 6fthis 'gas'are N;_, 0, Hz, Clyand 'carb'on hydride, etc. ‘Containment of this gas is
caused by msufficwnt removal of air in the equlpment before pouring the refrigerant
into the equxpment decomposition of the lubncatmg oil and chemical reaction in the
equ1pment etc. Non condensable gas contamed in the refrigerant may 1mpede heat

transfer in the condenser, or occupy a portion o{ space in the equipment, thus red ucing

_the heat transfer surface Asaresult, the condcnsmg pressure increascs, increasing the

refngerator load and _!oweu_ng the refrigerating capacity. To check whether non-
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Table III-5—10  Refrigerant properties (for High temperature)

Mothyl Fleon Fleon Fleon

. Classificailon of raftlgerents : pAmmen | Rl R-12 R-z2 |Fropane | Prapyténe | n-bulane | i-butame
e R : ,
Cherpical Tormula : WH, CH,C1 ) CCLF, |CCLF, |CHUIF, C,H, C,1I1, CiH,, C.Hy,
Molecular weight . 17.03 5048 13138 120.% 836.48 44,06 4208 58.12 58.12
Bolling point (at atmospheric pressurad °c —333 -238 ~246 -29.5 ~40.8 ~423 -41.0 -05 —~117
Freezing puint {at atiaosphstic Pressu1e) °C 111 -91.78 -1 —158.2 —160 ~1899 ~1852 -135, ~145
Critical wmperatueg °G R k] 143 198 1Ls 96 244 91.8 152.2 134.9
. ;
Critical pressute kg{j’s 1650 | s81 | 4465 | 4092 | so3¢ | 4651 47.0 87 12
Evaporation pmw.!.ie at ~1§°C “ 2410 LAR7 6210 L8413 3:0"2.5 2948 170 0576 0921
Candensation pressure at 30°C " 11855 | 6658 130 | 7592 | 12260 } 10918 1310 2527 T4
Compression patio at Te=—15°Cand 4 448 | o019 | 4075 | 4056 [ 3906 354 507 454
Heat of evapontion a( —15°C kealfkg 313.53 100.43 45.82 3859 51.998 94.55. 95.10 25.00 38.6
Rerngemtmg capacity &t sranda:d o e ’ ’ .
refrigerating cycle kﬁ.llj.k‘; 16903 . 8543 . 3857 2957, 4018 : 1068 118 74.'_1 653
Refvigorant circulation amount per ton of S <
o g ety | ks | 2340 3886 | 860 } 10227 | g2e1 | 4697 ase | 41| sos
Specific volume ofsaturated steam al | o {05087 | 02r9r | oxssy | 0wvar | eere [oaste | ouaz | oasna | oam
Specific volume of saturated liquid al kg | 16588 [ 1098 | os7m8 | o064 | 08384 { 20253] osé7 | 740 131
Compressor discharge temperature L oee 28 77.78 44 .44 37.78 55.00 36.11 428 32.0 210
) Theoretical piston displacemenl perton - ) X
of Japan reisigerating capacity ' v 6.278 10.842 65934 10408 6420 1212 648 218 10..3
. | Theoretical indicated hmsepower per a
“tor of Japan refrigerating cpacily 148 ) 1.047 : 0.9%4 1.055 La64 1879 1,09 102 LRE)
Coefficient of performance’ ’ 4.87 5.32 523 490 4,87 4.80 4.78 510 453
i

Table III—-5—11  Refrigerant properties (for Low temperature)

Classification of refrigeranis E_e?; Fthane | Ethylene | Methane
Chemical formuia _ CCIF, | C,H, C,H, CH,
Molecular weight - . 10440 30.07 28.05 16.04
Bdili.ng point (at aﬁnospheric PIEssurt) °C | -814 —88.6 10390 j~15t.49
Freezing point (at atmaspheri¢ pressure) °C  |-182.2 172 | -169.5 {-18248
Critical temperature °C 28.8 32.3 9.2 —-82
Critical pressure - KElem® | 3947 | 498 | 517 | 4580
Evaporation pressuse at —100°C o 0.3392 0.536 1.28 26.60
_Cq_ndensati&n pressure at -30°C o 1w 859 | 1088 19.7 gé:ﬁ?ﬁr_
Comptession ratio al Te=—100°C and To=30"C 25.3 20.3 154 -
Heat of evapo;ation at —-100°C o keatfkg | 37.35. 1207 ) 1134 128
Refngeratmg capacity at md%:ng.{%%ﬁétﬁdcéﬁf_m c . 21.84 770 69.3 N
Refrigerant gircuiation amount per ton of Japan :

S 7 refrigerating capacity | kgfhr _ 152 43.1 47.9 -
Specific .vélume of samrgled'stca.m at *10_0"0 m? lkg. 6.40’? 0.880  0.378 0.022
Specific volume of saturated liquid at - 30°C | oke | 0769 217 | zar -
Compressor discha.rge tempefatum : . °C 18 36 49 -
Theoreucal plston dlsplaccment per ton of Japan .

. refrigerating capacity | m®/nz 61.9 319 18.1 —

Theoretical mdxcaml ho:sepower per ton of Iapan : . B
refrigerating capacity 3.29 4.1 33 -
Coefficient of performance o 157 17 1.6 -
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condensable gasis contained, stop-aperation of the cquipment and pass water through
only the condenser. I the pressu l(, when the water tem pc:ralurd becomes equal Lo the
refrigerant temperature after a long wait, ‘is higher than the vapor pressure of
refrigerant, non-condensable gas is conl’nnvd

For example. if thereisa dllfe:cnce in pressure cqmvalem to 10°F, it is s;ud that
condensing temperature rises 20 to 250K duung actual operation. .

Forpurging non-condensable gas, a specml pu;gjmg, y device is pi ovided at a placc

where gas has a tendeney Lo accumulate on the top and end of the condenser,

Bj Contaminated Healuu} Surface

When well water with high hardacss or dirty water is used for the water- cooled
condenser, scale sticks to the heating surlace, lmpedmg _thc heat transfer. As a result,
the coudensing temperature and pressure increase (Scé Fig. I11-5-61), thus increasing
consumption power of the compressor (See Fig. 111-5-62).

Since the condensing pressure largely depends upon the temperaturc_of_é_ooling
water, check the retation between the water temperature and the condensing'prcésurc
when the heating surface is clean (which'is called “Normal Value™), always coinpazre
the condensing pressure with the normal value durmg operationand clean the heatmg

surface when the difference bctween both pressures becomes large.

(3) Effect of scale on refrigerating capéclty

(Fig.-3}
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- For air-cooled condensers, do ‘not " ‘Jocate thcm near any heat generatmg
equipment and indoors, bu't"'utilizc fresh air outdoors;, since the température of air for
coolmg affects the power of consumptlon '

Also for evaporators a contammated heatmg surfdcc loweis the cvaporatlon

. temperature and p pressure (See Flg III 5 63) to prowde nccessary cold: ness, leading to

O

increase in consumptlon powei Theref ofe, care should be taken dunng operauon
Capacuy Control Measure Eqmpmcnt

"When rcfngemtmn load decreases, . the- evaporation tempcrature falls and
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evaporation pressure atso falls together with it. Therefore, the amount of intake of the’
‘compressor must be reduced. In the reciprocating type compressor, there are the

- following systems:

(2) Effect of scale on evaporation tem;gt:mture

_ (Fig.-2)
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Fig. IN—5-63

a: “Suction valve réleasing system” [or Multi-cylinder typein which the intake valve
is released éccord'mg" to load and the cylindef is rendered free of load step-wisc.
b. “Cylinder head by-pass system” in which a by-pass valve is provided in each
: cylihdcr to stop compression.
¢.  “Hot gas by-pass system” in which discharge gas at a high temperature is
introduced between expansion valve and evaporator.
d. “Clearance increase system” in'which the cylinder 1s provided wilh a clearance
pocket to reduce apparent volumét_rit: efficicncy.
€. “Motor sp'e_t_-d control system” 1o change speed Of 4 driﬁin’g motor,

Use of any of Syster_ns a, b and ¢ reduces the consumption power.

Since systeme is c.o_nsta.m'in cohsu:ﬁption powér, it is desirable to limit its usc to
reduction in capacity of 0 to 25% o

In the centiifugal type é"omprés'sof, it 15 simplest to close the discharge valve.
However, thezoperation is hindered when inthe surging aréa. In “Suction vane control |
system”, several guide vanes are provided at the intake port to change the capacity by
changing the angle of these vanes. This system is recommendable because it causes no

_ surging, but saves the consumption power.’
D) Cold Insulation '

When the low temperature pdr'ti_on of the equipment and piping is eXposéd evena
little, invasion of ‘heat - increases the 'réfrig’eratfdn load. -Moreover, when the
temperature of “the air in contact with the surface reaches the dew point, dew
condensation occu'rs, the: heat insulation material absorbs this water, thus greatly

increasing the heat conductivity and lowering the insulation efficiency remarkably.
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Deterioration of insulation due to moisture condensation can be prevented by stickiiig
th'c:heat insulation material to the surface with adhesive and by completely covering.
the external surface of the insulation material with asphalt rooling (2 to 3 layers) so
that culside al méy not enter the insulation material

4.2.6  Indirect Heater by Direct Flame Hcatmg

In some of the chemical plants, pmccss fluids are heated by combustion
cquipment in place of steam, which is represented by pipe still and thermal-liquid
heater. These will be described as follows:

(1) Pipe Stills

Pipe stills are mostly used for heatmg petroleum in petmtcum refining and
petrochemical plants. Pipe stills consist of radiation.and convection portions; the

former directly absorbs radiation f:om flame and the latter absorbs heat from
combustion gas through convection, '
Fig. 111-5-64 shows the andngement of the heating tube aud Mow direction of

combustion gasin typical types of plpe still. Merits and demerits of the respective types
are described:
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n) Impihgcmént of flame

Excessively large flame tends to damage the tubes. Especially, convection
portion inlet in type (c) and lower pomon in typcs () and {(d) arc susceptible to
damage. '

b) Heat distribution

Types (a) and (¢) tend to be uneven in heat distribution because they have large

space within the furnace. Other types have few problems.

c) Two-sysiem hcating o _
' Since iypes other than type (¢) are of similar configurations, cven heaﬁng is
almost pos:nble by arranging two systems s;mlhrly When two v.ystcms arc different in
heating Lapacuy use a type with partitions.

d)  Control of heating capacity -

Types (i) and (k) are capable of controlling hf:atmg capacity optionally and are
suitable particularly-for heating at high temperatures of 540 to §10°C. Cylindrical
typesin (f), (g) and (h)and types with spacious radiation heat receiving surfaces can be
operated a.l fow load. ‘

e) < Capacity

~ Types(c), (d), (h), (i) and (k) are suitable for small capacity and types (a), (b). (¢)

~and (j) for laxge capacity.
f). Stack

Types(a), (b), (¢) and (i) need a stack, but other types nced no stack because the

furnace itsell serves as a stack.
g) Others

Since types (g) and (h) use finned tubes in the convection poriion, heat transfer
capa_city in the convection portion may be more than that in the radiation portion.
Circulation of _cdmbustion gas lowers temperature of the flame, but increases
convection heat transfer. '

The furnace of a similar figure is uniform in heat foad, causing no coking,
discoloratioh, décomposition, etc., and has many merits. Radiation heat transfer
capacity is generally 16,000 to 54,000 kcal/m’h. However, accumulation of coke
remarkably lowers the heat transfer cocfficient and therefore periodical cleaning is
required. Thermal cfflclcncv of the pipe can still reach 80 to 90% by reducmg the
cxhaust gas loss and recovering heat retained in fluid.

Examples of energy saving countermeasures for pipe stills carried out in Japan
are shown: '

¢ Increase in cfficichcy by turning tubes in convection portion into stud tubes.

e Prcheating of air by installation of heat exchanger for exhaust gas/combus-

tion air (about 290°C, Fig. 11-5-65) .
e Stable combustionat lowair ratio (1.2 or less) by theadoption of a low excess

air burner.
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(2) ihermal -liquid Heater
~ Operation at 25010 350°C is ﬁequentiy required in vacuum distillation such as
plasticizer, fatty acid, higher alcohol, organicchemicals, elc., vacuum deodorizing for
vegetable and hardened oils, and rez_iction such': as esterification, condensation
reaction, hydrogenation 'and'dehydrogenation reaction, ete. Since, for example, a
heating source at 300° C can be obtained under a pressure of 1 atmospheric pressure by
the use of thermai-liquids, this 1s a convenient method as compared with electric
heating, direct flame and hot water heating methods. Although this has special
features such as uniform '.heating, precise tcmperature control, quick heating and
cooling, etc., in-addition to low pressure; it is expensive in equipment and
thermal-liquids. ‘
Thermal- hqu;ds generally used are shown in Table HI-5-12, At 250 ta 350°C
organic heat transfer oil i is used, at 350 to 500°C moltensalts such as KNO;, NaNO,,
“etc., and at 450 to 700°C molten metal such as Na, K, Hg, ¢tc.
- For heating the thermal-liquid, beiler types similar to small boilers or a water-
t_ube type arc used. (See Tabie II1-5-13) Heating by mcans of thermal-liquid is
' cl_assifi'ed by the circuiation system, as .fol}OWS' '
A) Jacketed dxrcct ﬂame type (see Fig. 1I1-5- 66). .
B)' " Vapor heatmg systems using evapoxatoxs
' : .':Grawty mrcu]anon type (Se{, Flg 11-5-67)
| Forced cxrculatlon type (See Flg 111 5-68)
- Grawty/ Forced comblnanon circuiation type
C) quuld heating systems |

oA Heat slphon type (See Flg 111 S5- 69)

Forced circulation type (See Fig. 11[:5- 70)
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" Physical properties of thermal fluids

Properry Dawtherm | Dowtheom Fused pair '\lob(i?::\r::l\ .\lobglnhnm ity v Hydi ™
Ar E* 6 Tee 500 light 150200 100-L60 FR.I Mercury Rety
Chzeutal formula €,1,),0 e, HNO, g e K
WM, : XiND,
kKD,
Molccular weight 165 E41 92 00
Sposiic grariy w UTF 10991 LAgL LS3000°R n 983 . 148 548 Lie 135 LR A
Meling polnt. "F. 535 61" 28 2 rpout pointt |-20tpaur painthy § (pour pointy F-10(polir potnal 20 {pows points -3 8
Bailing poin1, *F, (stm, pressurey 4958 12 650 400 &4 [3E) L3R
ash painz, COC. *F 255 158 M 150 473 375
Specific haat of liquil B,I,H.I(nl}f F3 {05 161496 F) | oA _2(35 TF) [03TNRIN0FY [OSSOSTFY | 0852300 F ) | 056600°F) § 064A00PF) 03500 E} [ 0053212 Ey L 0.25(500°F)
Heatof viponation, B.Lu.ilb. 1250 19w 1o ’
Heat of fushion. B i & kL3 .38 5.1
Cubica Enpanshion coedTickent 060043 0.00020 0.00035 000035 000039 2000108
Absohute viscosny of Bquid, ceatipoie 03XECOFY | DIXMWOE3 | 1T0O'F) | 05981500°F) 08730300 [0.5920600°F) | 06051500 [ 0.630500°F) | 123000°R) | 0.240600°E)
Susface tengion (comace with 2if), dynéslom it 0 ' ' . 3 ) 181 105
0.0% 0064 0.35 0087 00652 0059 0072 “o0s7 485 156

Tt conduetivity 1330, B-rufbr)iq fLiCF#L)

* The Dow Chemical Company.

E. 1. da Pone e Kemouns & Co, Explotives Bepartment, Wilmington, Dl

Mobit i Cotp.

Amcerican Hydrotherm Corp.

Monsapte Co.

Table III-5—13. Thermal fluids heaters
Type Vertical type " | Rorizontal multi-tube lypal Marine type Water tube type

Heat capacity (keatfhr) 50000~ 200,000 50.006~15,060 190,000~ 500,000 604,000 ¢z moie
Theemal efficiency (%)} 50~5§ 50~55 about 70 T0~75
Radiant section thermal load (keal/m?- hoy 15,000 - 15080 -
Convection section theomal toad (kealfm? - ke 8,000 3,000 1.000 §5,000+20,000
Canstruction Simple - Smaid Simple - Lasge Simple - Medium Pzl drum waler tiwbe tvpe
Thermal Ruid Small quantities Large quantitiss Large quantities 1 m*{10,000 kcal
Natural circelation system Unsuitable Suitable Suitable Unsuitable

Air vent valve —

Air cooler —

Pressure gauge

Tacketed
oven

Fig. I1-5—-66  Jacket system heating méthod

Bumer Short Rame bumer Fore-fige burner Short fizme burnee Easily adjustable burncr
Applicaziens for small capacity for smal capacity for general purposes for large capacity
. Storage tank
Safety valve —<
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It is needless to say that B'asi'c:Data initem 4.1 applics to these equipment, and
special precautions for'i.]se of thermal liquids are described below:

Since the rémaining air in jackets, heating tube and user’s coil, etc. remarkably
lowers heat 11‘a11$fé1':coefficienl a_nd, at the same time, acclerates deterioration due to |
oxidization of thermal liquids, it is necessary to remove the air in the system
completely. -

In a method by the use of an evaporator -an adverse effect on the heat transfer
coefﬁc:ent is par t;cuiar]y mgnnﬁcant Sinceair bleeding is difficult when the user is coil,
itis _desuable to purge as much air as possible in the foliowmg way: a box for vent is
pm\;ided at the ‘énd' of the coil to provide thc box with a vent and, besides, the
evaporatoris prdvided with a vent also an.d, morcover, the system is made a vacuum
before charging the thermaquuid.

Ina [empératﬁ_re control method in type by the use of an evaporator, the simplest
method is to only maintain vapor températurc (p:ressure) at a specified value by
controlling the evafwrator burner and to.'pro'vide with no valve for control.

Maintenance is simple, because valves, pumps and control valves which are very.
likely to leak élre not provided. This method is good enough for batch type deodonizer,
ete. | .

Besides, there is a method to perform precise temperature contro! by means of
vapor feed valve in conjunction with the burner control method. This is based on a

‘certain relat1011$hip stéam pressure due to throttliing of the valve and lowered heating
thermal-liquid, and it is widely utilized.

(See Fig. 111-5-71 and Fig. I1[-5-72)
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. _ I. Character of Guide Line
This Guide Line is a summary of technical matters considered important lor the
promotion of ener gy savingat thefactories of the food industries. The Guide Line isto be used
for the lullowmb purposes.

1) (l) As technical reference for factory's c;igin(:crs wheun they plan to rationalize

use of cnergy in the factory. '
{2) As a diagnostic guidance manial,
{3) As referential data for determining the progress of rationalization.
(4} As a text for seminars.

2) Descriptive level which should be undcr%tandﬁb]c by engineers havingonly4to5
yeats experience of actualservice after collcbe graduation, but net actually wmkmg in
the subject industries.

3} - Inconsideration of the present industrial status of the Kingdom of Thailand. the
dcs‘criptive coverage is limited to the process-related matters of the factories which we
diagnosed. Also. the basicitems and numerical valucs regarding Lhis process —encrgy-
Sa\ring_ techniques and referential instances or actoal records — are described. '

Itis ho'péd that the Guide Line pr.c_*pared here will be further supplemented dand
substantiated by the addition of information obtained in future through NEA's own
factory diagnosis and other means. .
For information, the Guide Line contains standard values published by the
Jépanese Government {Ministry of International Trade and Industry)as a basis for
judgbment in promdti‘ng energy saving for factory managers through its notification.
{H The standard values are the most f:‘equent values (refer to Fig. Hi-6-1) of
statistical distributions of xiumerous examples. As such they represent a realistic level
for factory managers to altain without difficulty from the technica} and cconomic

points of view,

Most frequent value = standard value

Frequency

Level

Fig. MI—6—1



(2)
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The standard values do not necessatily represent the values which factory
managers should be satisfied with alter reaching them and alse the minimum values
which it must reach by all micans. These \-':all_iés are rather those designed to imp.rovc
the inferior value {oward an averagc_lcvel;' thus shiﬁing the -wholc distribution of
values into a better direction, Thevefore, the maost frequent Qall;b will be tesought and a
new standard value established after the claps'c of a certain period: '

The standard value establishment plau'dcscribcc! i -the report was prepared
based on-these standard -\-’a]ucs'considering the present indusirial status of the
Kingdom of Thailand. ' :

These standard values will be a starting point for the establishment of standard -
values for the rationalization of energy use in industry of the Kingdom ofThailand'; It
is recommended that the Kingdom of Thailand itscll accumulates data during {actory
diagnosis to be put into practice, and cvaluates it periodically and revises or newly

establishes standard values.
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2. Characteristics of Energy Consumption
2.1 Production process and main cquipment
2:.1.1 Can'ning'ind'ustrics '(tu'nﬂ, bonito and sardine)

The production process is shown in Fig'. I11-6-2. The canning industries of marine
products in Thailand, recently, are rapidly growing and moving into the limelight as an export
industry with an international competitiveness. The industries consume much heat energy (or
cooking and sterilization, the power c'qnsumption is also incfeasiﬂg with the extention of

‘refrigerating and storage facilitics, and with the completion of a wasle water treatment facility

as a pollution measure.

' . Sardin
Fresh o : etc.
fish _ :

Washing H Butchering

- I Precookiﬁ
Defrost - Tuna & h
etc. l

100~103°C,
1.5~2.5 min,

90~100°C, 2025 min

Exaust box || Brewing . 112~115°C

— : _ [ . 30~100 min
' - White meat [ l : : r
_ feuni 7] : Can Can Steri- Label-
LSS C eanmg - ' —— packing.| | washer Tization ing
Red meat . [ _

There are two kinds of raw materials: fresh, and refrigerated. The'f'resh fishes are
immediately put in a washing process, and the refrigerated fishes are fed into a defrosting
process. .. ‘ ' o 3

“The defrosting is carried out by running water or by merely water dipping. A large _fish
is put into a defrosting tank with a prOCCSSEd amount and is allowed to stand'for'onerﬁi‘ght
until the next day. in Japan, the water quantity required to defrost I'ton of refrigerated fishes
is approximately 3.5 tons. The washing procéss is carried out By a running water wash in the
tank or in a shower wash. The water quantity is approximately I ton per I’ ton of fish,

. Large fishes such as tuna or bonito are 'previo’ué.ly steamed for precooking. Fishes are
put side by side on the rack of a truck with facks in several steps, 3 or'4 trucks are put into a
precookerat a time and steam is blownin directly to cook the fishes. The precooker is usually
an‘internai pressure vessel of the horizontal $quare box type of 1.5m X 1.5m X (3-5m). The
servicing te'mperature-is about 100°C and the cooking time is I to 2 hours. '

. The vapor pressure should be sufficient with 1 kg/cm®, but some factories have used a

vapor pressure of 2-3 kg/em”. Most of the cooker’s surfaces are not heat-insulated and the
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drain is discharged into- a drainage ditch without 1ccovc:y The execution rate of heal
insutation in Japan is 50%

After completion of the pn,cookmg, thc hshce arc allowed to cool (coolmg Process),
the bone and skin are removed and the. fishes are divided into white flesh and red flesh, The
white and red flesh are each placcd on conveyels to be packed incans. Then a seasoning llqmd
is added mlo the can, which is hermetically scaled by a scamer.

bardme and mackexe} arc tzcated by the same washmg process as tuna and bonito.
They are packed in cansjust after the washmg, deodorized and degassed by a'steam heating of
90 to 100°C for 10 to 20 minutes in an exbaust box, then dchydratui and a sedsomng liquid is
added. They are hermetically sealed by a scamer.

The exhaust box is an open type steam heater of 5- IOm (length) X I-1.5m (w1dth) X
0.5m (height) and loses much heat. The servicing of steam pressure toa required temperature
is3todkg/em’. This isa problem. Itis alsoa problem that the exhaust vaporand the drain are
' d1schargcd with no heat recovery. : . . '

Pleces of flesh and oil adhere to the completed seach can surface. Thcsc adherent
| matters mterfere with he'u transfer because of a low heat conductivity, These cans should be
sufficiently washed with a hot water of 50 to 60°C or a hot water contained with detergent
before a‘retort sterilization. For this washing, in some factories the temperature of water is
purposely raised by steam. o

The retort sterilization must be made extlnct even to the spores ofheat resistant bacilli -
as well as the bacilli attached to the canned material.

The countermeasures of encrgy conservation should be done with a priority being the
product quality. | ' .

The retortis usually a horizontal cylmdencal typeinternal pressure vessel of(l 3-1. Sm
@)X (3-6m). The washed cans are packed in baskets attached with a castorand the baskets are
putinaretort. When the air in the retort is eomp!etely expelled by direct blowing of steam, it is
controlled to a predetermined temperature. Thisis called “come-up”. The come-up time takes
generally 15 to 20 minutes. Then, sterilization is carried out in a temperature of 110 to 120°C
.fg':)_r 50 te 100 minutes. If a_ie of a low heat conductivity remains around the cans,a required
tempereture can-not be obtained and it may result ini products of poor sterilization. Every
nook and corner of the rctdrt must be heated evenly to the predetermined temperature for a
shorter time, This 1Isan 1mportant subject for shortemng the sterilization process cycle and for
the countermeasure of energy conservatlon _ o _

The heat insulation of retort and the heat recovery in clram and exhaust vapor are also
_ 1mportant factors for an effectwe apphcailon of energy.

. Waste water treatment, fa(:llmes in the canned factory should not be 1gnorcd from'the
' v:ewpomt of encrgy . conservanon The operation power cost of the waste water treatment
_fac1hty shouid be savc:d by reductmn of new water consumptlon through a c:reulatmg of the
'process water 7 T e : _ ‘ ‘

A storage of the raw mater:al ina 1efr1gerator facilitates the control of the productlon.
schedule and can. makc an 1mpr0vement of the produeuon efﬂclcncy An establishment of

effectwe_operatlpn ‘of th‘e‘ refrl_gerator and. a good understanding- of cold insulation arc
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required.

2.0.2  Vegetable oil industries _ :

For oil rﬁatéri*&l‘; vast energy is consumed in thc course from harvest 10 processing
mcludmg, the p:owsses oftlanspmtatlon handling and storage. If the raw material absorbs
moistire in stmdgc much heat eniergy will'be consumed to dry it. Thus, many-subjects to the
cnergy conser vation are latent even before the productmn processes. The raw m_alcnals arc
soybean, sesam'e, rapeseed, rice bran, cotton-seed, kapok, sun_ﬂower, castor bean, and so on.
Oil can be extracted by a techhique suitable to each raw material..

Most of the pretreatment is through steam heating and the oil separation pi‘ocessés are
divided into a't1_1ec_ilanical éxpression and a solvent extraction.

The exprcésion is carried-cut byan batch system cylinder pressora continuous system
press. Crude oil is sq'uf:ezcd out of the matérial 'thmugh pressing, ina he'ating'éondit'ion In the
exiraction process, the treated raw material is immersed in an organic solventata tempemtute
of about 60°C to allow the oil to transfer into the organic solvent. The solvent contammg oil
{micella) 1s distilled to ‘obtain crude oil by separation of the solvent.

The expression is simple and does not need much heat energy, but yield is low.
Accordingly, the combination with an extraction has been mainly applied to.

Fig. 111-6-3 shows the 'produétion processes of extraction and expression in a typical
factory of Thailand. _ ' '

Rice bran is cbokéd in a coundition of a moisture of 10 to 20%, a temperature of 90 to

952 C for 5 to 10 minutesasa pretreatmént, and then is pressed softly and mechanically by a
steamiig ﬁressl Soybean is pre-dried 'whh_a liot air, cooked to suit with extraction.

Castor bean cdnfainiﬁg about 45% of oil is dried from 5 to 7% to 4% of moisture in a
_hot air condltlenet and the ¢rude oil is expressed about 35% bya cylinder type press w;th
maintaining a temperature of 60 to 700 C in the bean. From the strained draff the remaining
10% is extracted by a solvent extraction.

The extraction is ca_rried'oilt'by a countercusrent of the raw material to the solvent
{n-hexane) ina continuous extractor. Ol is extracted at first by the concentrated micelia, then
by, a diluter micella and finally by contact with a new solvent. The extréclion temperature is 55

to 65° C and the solvent or micella is heated indirectly by steam to maintain the temperature.
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Fig. M-6-3
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- The draff taken out of the extractor is charged to the DT column to remove the solvent
contained in it by direct contact with steam and [alls gradually in the column.

: Whén the draff falls to the lower section of the column, almost all of the solvent is
removed, bl.l_l the moisture is increased: Then the draff is dried to control to a speéified
moisture content because the draff, after the exiraction of oil, is sold as a feed for livestock. In
the pi'oce'sé,_ how t6 use the steam in the DT column effects the energy consﬁmption in the
drier. _ o _

Oil and solvent in the micella are SEParated by a distillation column, 1n ihe distillation
column, itis 1mp0rtant that the micelia be distilled without any deterioration of oil and with an
effective heat utilization. The residence time of micella under hcatmg should be shortened and
the processes of evaporation and stripping should be carried out under a reduced pressure in
order to lower the treating temperature. Therefore, the distillation column should use a
" multi-effect system fo increase the heat efficienby and the waste heat of the Gapor fed fromthe
distillation systemt of mlct,lla should be utilized. _

The crude oil is refined in the’ processes of dcgummmg, neutralization, decoloring,
dewaxmg, and deodorizing. But the refining of crude oil is carried out by various proccsses
dependlng on the kind of crude oil or the refining degree required.

Elther way, in the refining p1ocess the heatmg and cooling are repeated and much
energy is consumed.

(N Neuttallzatlon
Netitralization means to scparate fatty acids and non-glyceride impuritics by an
alkali treatment. Gencra!ly, caustic soda is used as alkali. The process is both a batch
system and a contmuous system, In cither system, howevcr ‘when the crude oil is

heated to'about 60 10 90°C; added witha little quantity of phosphoric acid and with a

caustic soda solution of 15Beina qﬂantiiy of about 1 10% of acid content,."and a soap

called a “foots” comes out. The foots precipitate easily in standing. In the continuous

- system, the footsare separated by a Cé:ntrifuge. Since the oil after Centfifngi_llg contains

moisture around 0.5%, the oil is dried in a vacuut drier. An approximate utility

consumption in the treating 50t/ d of crude oil'is rcqunred with 200 kg/h of steam, 25

kWh of power s and 900 to 1 ,200 kg/h of plocess W‘ltel

(2) Decolorization
- Decolorization atms are elimination of some undesirable colors in the oil.

_ ‘Generally, these undesirable colors are now el_iminéted by absox:ptio_n to an

activated éiay, an acidclayora combination with anactive carbon, Atthe same time, a

very sinall quantity of impurities is also eliminated by the absorption and flavor is

given to the product.” ' : -
'In a batch system, a vacuum vessel has recently been used to 'prcveni oxidation.

The vé_ssel is provided with an'agi_tatok", ajacket or ¢oil for steam heét'ing. Oilis putin

‘the vesscland heated. Clay is added (0.5 to l.S%),-:temperat'ure is rapidly raised (90 to

120° C), agitated in a suitable temperature {20 to 60 min.) and then passed througha

filter.ta eliminate the clay. '

Ina continuous system, the Girdler system has generally been applied. A vacuum
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vessel maintained in 40 mmi[g ol vacuum is divided into two chambers: thie upper, and
the lower, Oil heated to 55°Cis splaycd into the lower chamber to be, degassed and
dehydrated. Then the oil passes throu‘g,h a heat exchanger and a steam heater to be
more fully heated, The ol i is preliminarily decolonzui in the first flltcl p‘leCd with a
waste clay, and sprayed to the upper chamber, The oil is. mixed with a clay and
constantly spoulcd out of a nozzle, heated toabout 110°C, and the clay is separated i in
the second filter. The oil is fed into a storage tank through. a heat exchanger and a
cooler, Apmtoithe decolorized oil (ca. 1067) lttmnqmd ciay slurlytank The tank is
adjusted so that thc clay enters continuouslty.in a pmpm quanim 10 make a clay raud
of about 25% in _th_e mixture of the decolorized oil. The used clay separated in the
second filier is packed in the first filter to utilize the residual discdlming power, Forthe
crude oil _t.s'eatmem capacity of 50 t/d, the utilities are consumed with 425 kg/h of
steam, [7 kWh of power and 12 t/h of proeess waler. '

(3 Deodorizing _

Qilhasa peculiar odorand an odorus substance is prod uced also by the tanudlty
.or thc decomposition of the oil and an odor is caused even in thé hardening and the
decolorization processes. These odors are generally unpleasaﬁt and the oddz_'otls oil
cannot be used for food and cosmetics. These odorous. substances are volatile to a
certain extent and can be eliminated by a high lempelaturc dlstlllanon under a
reduced presswe

Since the deodorizing Process consumes a lot of ¢nergy, there are many examples
of improvement, _

_ The deodorizing process is a batch system and a semi-continuous system Fhe
batch system requires (1) a long time fox deodorlzmg (5 to 10 hours), {2) a very sinall
quantity of volatile substance’ remaining is difficult to be eliminated becausc of a thick
oil iayel, (3} the volanle substance eliminated once returns in the oil through

~ condensation, of it on the wall, and (4) the heat lossis io0 much_;_The batch system has
tarely been used in Japan ‘ , :

The semi- commuous system ehmmates the weak pomts of the batch system and
the processes of feeding, heating and cooling are automated. Thc system can treat
various oils in succession.

Fig. IH 6-4 shows the Girdlec's semi-continuous dcodorlzlng -column. The

: c‘o_l._umn provides t_rays_m 5 or_6 steps. Valves, which can open or closc periodically by a

ti.mer are pr'oi'ided among the trays. The pressure in the.column is reduced to 2 to 6

-mm Hg, the oil fed to the trays in the. upper step is heated to 160.to 170°C by steam to
eliminate the airin oil. In the trays in the second step, the oil is hedted t0 2300 250°C
by dowtherm Inthetrays in the third and fourth steps, steam distillation is performed

by btowmg of steam (also in other trays a small quantity of steam is blown in for

' ;"aguat]on and degassmg) The lower step prowdes a c001mg coil and the oil is cooled to
_less than 60°C and dlscharged to the exterxor of the column. The 011 comes from the
product through flltration for fmishmg
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